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ADVERTISEMENT. 


IN  prefen  ting  to  the  public, 
the  concluding  volumes  of  the  Scientific 
Di  ALOGU s,  the  author  cannot  but  acknow- 
ledge, . with  fentiments  of  gratitude,  the 
favorable  l eception  which  the  former  parts 
of  the  work  have  experienced.  He  trails 
that  the  feveral  fubjefts  comprifed  in  thefe 
lafl  volumes,  will  have  an  equal  claim  to 
the  candour  of  thofe  who  are  engaged  in 
the  arduous  but  honourable  employment  of 
education. 

It  will  be  feen,  that  it  was  quite  impoflible 
to  include  in  the  fix  volumes  the  introduc- 
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tion  to  chcmlftry,  as  it  was  originally  in.r 
tended.  This  branch  of  fcience  is  become 
fo  very  interefting,  and  the  ftudy  of  it  fo 
general,  that  it  would  have  been  unpardon- 
able to  have  devoted  only  a part  of  a vo- 
lume to  the  difcuffion  of  it : the  author  has, 
therefore,  at  the  fuggeftion  and  defirc  of 
many  friends,  who  have  given  their  approba- 
tion to  the  Scientific  Dialogues,  un- 
dertaken to  furnifli  a feparate  work  on  this 
fubjedf.  It  will  be  comprifed  in  two  vo- 
lumes, fimiiar  in  fize  to  this : they  arc 
nearly  ready  for  the  prefs,  and  will  be  pub- 
iiflied  in  the  autumn  of  the  prefeiit  year. 

1805. 


CONTENTS 


TO 

VOL.  V. 


OPTICS. 

Conver&tlon  Page 

I.  Light ; the  Smallnefs  and  Velocity  of  its 

Particles  - - _ j 

II.  Rays  of  Light Rcfleftion  and  Refrac- 

tion - - - - 13 

III.  Refradion  of  Light  - > ■*  24 

IV.  RefraSion  and  Reflection  of  Light  • 35 

V.  Different  Kinds  of  Lenfes  - - 47 

VI.  Parallel  diverging  and  converging  Rays  - 5S 

VII.  Images  of  Objefts.— Scioptric  Ball,  &c.  69 

VIII.  Nature  and  Advantages  of  Light  - 79 

IX.  Colours  - - - - 89 

X.  RcfleCIcd  Light  and  Plain  Mirrors  - 99 

XI.  Concave  Mirrors  - - - 107 

XII.  Concave  Mirrors. — Experiments  - 116 

XIII.  Concave  and  Convex  Mirrors  - izg 

XIV.  Optical  Deceptions,  Anmorphofes,  Set.  131 

XV.  Different  Parts  of  the  Eye  - - 140 

XYJ.  Manner  of  Vifion  * « . 148 


3 


CONTENTS.  S> 

Converfatlon  Page 

XVII.  Speftaclcs,  and  their  Ufes  - - 159 

XVIII.  Rainbow.  - - - 167 

XIX.  Refradling  Telefcope  • - 178 

XX.  RefledUng  Telefcopes  - - J91 

XXL  Microfcope  - - - 158 


XXII.  Camera  Obicura,  Magic  Lanthorn,  and 
Multiplying  Glafs 
...  • '■ 

MAGNETISM. 

I.  The  Magnet. 

}I.  Magnetic  Attradlion  and  Repulfion 
111.  Methods  of  making  Magnets 
ly.  Mariner’s  Compals  - 


- 2z6 

' 234 

- 042 

- 252 


I . 


CONVERSATION  I. 


INTRODUCTION. 


Of  Light — The  Smallnefs  qfitsParti' 
cles — Their  Velocity — They  move 
only  in  ftraight  Lines. 

(J II ARLES.  When  we  were  on  the 
lea,  you  told  us  that  you  would  ex- 
plain the  reafon  wliy  the  oar,  which 
was  ftraight  when  it  lay  in  the  boat, 
appeared  crooked  as  foon  as  it  was 
put  into  the  water. 

Tutor.  I did  : but  it  requires  fomc 
previous  knowledge  before  you  can 
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comprehend  the  fubjeft.  It  would 
afford  you  but  little  fatisfadiion  to  be 
told  that  this  deception  was  caufed 
by  the  different  degrees  of  refraction 
which  take  place  in  water  and  in  air. 

James.  We  do  not  know  what 
you  mean  by  the  word  refradlion. 

Tutor.  It  will  therefore  be  right 
to  proceed  with  caution;  refraction 
is  a term  frequently  ufed  in  the  fcience 
of  optics,  and  this  fcience  depends 
wholly  on  light. 

James.  What  is  light  ? 

Tutor.  It  would,  perhaps,  be  dif- 
ficult to  give  a diredt  anfwer  to  your 
quellion,  becaufe  we  know  nothing 
of  tlie  nature  of  light,  but  by  the 
cffeds  which  it  produces.  In  reafon- 
ing,  however,  on  this  fubje6f,  it  is 
generally  admitted  that  light  confifts 


THE  PARTICLES  OF  LIGHT.  3 

of  inconceivably  fmall  particles  ; 
which  are  projedted,  or  thrown  off 
fiom  a luminous  body  with  great 
velocity,  in  all  dirediions. 

Charles.  But  how  is  it  known  that 
light  is  compofed  of  fmall  particles  ? 

Tutor.  There  is  no  proof  indeed 
that  light  is  imterial,  or  compofed  of 
particles  of  matter,  and  therefore  I 
faid  it  was  generally,  not  unkerfally, 
admitted  to  be  fo ; but  if  it  is  allowed 
that  light  is  matter,  then  the  parti- 
cles muft  be  fmall  beyond  all  com- 
putation, or  in  falling  on  the  eye 
they  would  infallibly  blind  us. 

James.  Does  not  the  light  come 
fiom  the  fun,  in  fome  fuch  manner 
as  it  does  from  a candle  ? 

Tutor.  Tliis  comparifon  will  an- 
fwerourpurpofe;  but  there  appears 
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to  be  a srreat  difference  between  the 

o 

two  bodies,  a candle,  whether  of  wax 
or  tallow,  is  foon  exhaufted ; but 
philofophers  have  never  been  able  to 
obferve  that  the  body  of  the  fun  is 
diminilhed  by  the  light  which  it  in- 
ceffantly  pours  forth. 

' James.  You  fay  inceffantly ; but 
we  fee  only  during  the  hours  of  day. 

Charles.  That  is  becaufe  the  part 
of  the  earth  which  we  inhabit  if? 
turned  away  from  the  fun  during  the 
night:  but 'our  midnight  is  mid- 
day to  feme  other  parts  of  the  earth. 

Tutor.  Right : befides  you  know 
the  fun  is  not  intended  merely  for 
the  benefit  of  this  globe,  but  it  is  the 
fource  of  light  and  heat  to  fix  other 
planets,  and  eighteen  moons  belong- 
ing to  them.  • 


THE  SUN,  THE  SOURCE  OF  LIGHT.  5 

Charles.  And  you  have  not  reck- 
oned the  two  newly  difcovered  little 
planets,  which  Dr.  Herfchell  denomi- 
nates JJleroids,  but  which  are  known 
by  the  name  of  Ceres  Ferdinandea, 
and  Pallas. 

- Tutor.  Well  then ; the  fun  to 
thefe  is  the  perpetual  fource  of  light, 
heat,  and  motion ; and  to  more 
diftant  worlds  it  is  a fixed  ftar,  and 
will  appear  to  fome  as  large  as  Ar6lu- 
rus,  to  others  no  larger  than  a liar 
ofthefixth  magnitude,  and  to  others 
itniuft  be  invilible  unlefs  the  inhabi- 
tants have  the  alb  fiance  of  glalfes, 
or  are  endowed  with  better  eyes  than 
onrfclves. 

James.  Pray,  Sir,  how  fwift  do 
you  reckon  that  the  particles  of 
light  move? 
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Tutor.  This  you  will  eafily  calcu- 
late, when  you  kiio\p,  that  they  arQ 
x)nly  about  eight  minutes  in  coming 
from  the  fun. 

Charles.  And  it  vou  reckon  that 

%/ 

at  the  difiance  of  ninety-five  millions 
of  miles  from  the  earth ; light  pro- 
ceeds at  the  rate  nearlv  of  twelve 
V millions  of  miles  in  a minute,  or  at 
£00,000  miles  in  a fecoiid  of  time. 
But  how  do  you  know  that  it  travels 
fo  faft  ? 

Tutor.  It  was  difeovered  by  M. 
Uoemer,  who  obferved  that  the 
cclipfes  of  Jupiter’s  fatellites  took 
place  about  fixteen  minutes  later  if 
the  earth  was  in  that  part  of  its 
orbit,  which  is  fartheft  from  J upiter, 
than  if  it  was  in  the  oppofitc  point 
of  the  heavens. 


THE  VELOCITY  OF  LIGHT.  7 

Charles.  I underftand  this : the 
earth  may  fometimes  be  in  a line  be- 
tween the  fun  and  Jupiter,  and  at 
other  times  the  fun  is  between  the 
cai’th  and  Jupiter,  and  therefore  in 
the  latter  cafe  the  diftance  of  Jupiter 
from  the  earth  is  greater  than  in  the 
former,  by  the  whole  length  of  its 
or  hit. 

Tutor.  In  this  fituation  the  eclipfe 
of  any  of  tlie  fatellites  is,  by  calcu- 
lation, fixtcen  minutes  later  than  it 
would  be  if  the  earth  were  betv'een 
Jupiter  and  the  fun:  that  is,  the 
light  flowing  from  Jupiter’s  fatellites 
is  about  fixtecn  minutes  in  travelling 
the  length  of  the  earth’s  orbit,  or 
J.90  millions  of  miles.  ^ 

James.  It  would  be  curious  to  cal- 
culate how  much  faflerdight  travels 
thaura  can  non- ball. 
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Tutor.  Suppofe  a cannon-ball  to 
travel  at  the  rate  of  twelve  miles  a 
minute,  and  light  moves  a million  of 
times  failer  than  that ; and  yet  Dr. 
Akenfide  conjectures  that  there  may 
be  ftars  fo  diftant  from  us  that  the 
light  proceeding  from  them  has  not 
yet  reached  the  earth  : 

Whofe  unfading  light 

Has  travell’d  the  profound  fix  thaufand  years. 
Nor  )Ct  arrives  in  fight  of  mortal  things. 

* t . 

Charles.  Was  it  to  this  author 
that  Dr.  Yoiing  alludes  in  thefe 
lines  ? 

How  diftant  fome  of  the  nofturnal  funs  ! 

So  diftant,  fays  the  fage,  ’twere  not  abfard 
To  doubt,  if  beams,  fet  out  at  Nature’s  birth 
Are  yet  arriv’d  at  this  fo  foreign  world  ; 
Though  nothing  half  fo  rapid  as^  their  flight, 
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Tutor . He  probably  referred  to 
Huygens,  an  eminent  aftronoiner, 
who  threw  out  the  idea  before  Aken- 
lide  was  born. 

James.  And  you  fay  the  particles 
of  light  move  in  all  directions. 

Tutor.  Here  is  a flieet  of  thick 
brown  paper,  I make  only  a fmall 
pin-hole  in-  it,  and  then  through 
that  hole,  I can  fee  all  the  objeCts, 
fuch  as  the  fley,  trees,  houfes,  &c. 
as  I could  if  the  paper  were  not 
there. 

' Charles.  Do  we  only  fee  objeCls 
by  means  of  the  rays  of  light  which 
flow  from  them  ? 

Tutor.  In  no  other  way:  and 
therefore  the  light  that  comes  from 
the  landfcapc  which  I view  by  look- 
ing through  the  fmall  hole  in  the 
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papeij  iiuift  come  in  all  directions 
at  the  fame  time. — Take  another 
inlbince;  if  a candle  he  placed  on 
an  eminence  in  a dark  night,  -it  may 
. be  feen  all  round  for  the  fpace  of 
half  a mile : in  other  words,  there 
is  no  place  within  a fphere  of  a 
mile  in  diameter,  where  the  candle 
cannot  be  feen,  that  is,  where  fome 
of  the  rays  from  the  fmall  flame  will 
not  be  found. 

James.  Why  do  you  limit  the 
diftance  to  half  a mile? 

Tutor.  The  diftance  of  coiirfe 
will  be  greater  or  lefs  according  to 
the  flze  of  tiie  candle : but  the 
degree  of  light,  like  heat,  dimi- 
nillies  in  proportion  as  you  go  farther 
from  the  luminous  body. 


the  ixtensity  of  light,  ij 

Charles.  Does  it  follow,  tlie  fame 
Jaw  as  gravity  * ? 

Tutor,  It  does : the  intenfity  or 
aegree  of  light  decreafes  as  the  fquare 

of  the  diftance  from  the  luminous 
body  increafes.  < 

James.  Do  you  mean,  that  at 
the  diftance  of  two  yards  from  a 
candle  we  Jhall  have  four  times  lefs 
'g’bt,  than  we  ftiould  Jiave,  if  we 
were  only  one  yard  from  \t? 

' pi^or.  Ido:  and  at  three  yards 
diftance,  nine  times  lefs  light;  and 
at  four  yards  diftance  you  will  have 
.^^xteen  times  lefs  light  than  you 
^v’ould  were  you  within  a yai-d  of  the 
objea.—l  have  one  more  thing  to 

* Scientific  Dialogues,  vol.  i.  Conver. 
tion  rii. 
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tell  you : light  always  moves  iix 
ftraight  lines. 

James.  How  is  that  known  ? 

Tutor.  Look  through  a llraight' 
tube  at  any  object,  and  the  rays  of 
light  will  flow  readily  from  it  to  the 
eye,  but  let  the  tube  be  bent  and 
the  obje6l  cannot  be  feen  through  it, 
which  proves  that  light  will  move 
only  in  a ftraight  line. 

This  is  plain  alfo  from  the  fliadows 
which  opake  bodies  caft ; for  if  the 
light  did  not  deferibe  ftraight  lines, 
there  would  be  no  fliadow.  Hold 
any  objc6l  in  the  light  of  the  fun, 
or  a candle,  as  a fquare  board  or 
book,  and  the  fliadow  caufed  by  it 
proves  that  light  moves  only  in  right 
or  ftraight  lines. 


CONVERSATION  11. 


Oj  Rays  of  Light — Of  Reflexion 
' and  RfraBion. 

CHARLES.  You  talked,  thelafl 
time  Ave  met,  of  tlie  rays  of  light 
flowing  or  moving,  Avhat  do  you 
mean  by  a ray  of  light. 

Tutor.  Light  you  know  is  fup- 
pofed  to  be  made  up  of  indefinitely 
fmall  particles ; now  one  or  more  of 
thefe  particles  in  motion  from  any 
body,  is  called  a ray  of  light. — If 
the  fuppofition  be  true,  that  light 
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does  confift  of  particles  flowing  from 
a luminous  body,  as  the  fun,  and 
that  thefe  particles  are  about  eight 
minutes  in  coming  from  the  fun  to 
us ; then  if  the  fun  were  blotted 
from  the  heavens  we  fliould  a6lually 
have  the.fame  appearance  for  eight 
minutes  after  the  deftru6lion  of  that 
body  as  we  now  have. 

James.  I do  not  underftand  how 
we  could  fee  a thing  that  would  not 
exift. 

Tutor.  The  fun  is  perpetually 
throwing  off  particles  of  light,  which 
travel  at  the  rate  of  twelve  millions 
of  miles  in  a minute,  and  it  is  by 
thefe  that  the  image  of  the  body 
is  impreffed  on  our  eye.  The  fun 
being  blotted  from  the  firmament 
would  not  affedl  the  couife  of  the 
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particles  that  had  the  inftant  before 
been  thrown  from  his  body,  they 
would  travel  on  as  if  nothing  had 
happened,  and  till  the  laft  particles 
had  reached  the  eye  we  ihould  think 
we  faw  the  fun,  as  much  as  we 
do  now. 

. Charles.  Do  we  not  actually  fee 
the  body  itfelf? 

Tutor.  The  fenfe  of  fight  may^ 
perhaps,  not  be  unaptly  compared  to 
that  of  fmell : a grain  of  mufk  will 
throw  off  its  odoriferous  particles  all 
round,  to  a confiderable  diftance, 
now  if  you  or  I happen  to  be  near 
it,  the  particles  which  fall  upon  cer- 
tain nerves  in  the  nofe  will  excite  in  us- 
thofe  fenfations,  by  which  we  fay  we 
have  the  fmell  of  mulk.  In  the  fame 
way  particles  of  light  are  flowing  in 
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every  dire6llon  from  the  grain  of 
inufk,  fome  of  which  fall  on  the  eye, 
and  thefe  excite  different  fenfations, 
from  which  we  lay,  we  fee  a piece  of 
mulk. 

Charles,  But  the  mulk  mtU  in 
time  be  completely  diffipated,  by  the 
a6l  of  throwing  off  the  fine  particles ; 
wliereas  a chair  or  a table  may  throw 
off  its  rays  fo  as  to  be  vifible,  with- 
out ever  diminifiiing  in  fize. 

Tutor.  True : becaufe  whatever  is 
diftinguifiied  by  the  fenfe  of  fmel!, 
is  known  only  by  the  particles  of  the 
odoriferous  body  itfelf  flowing  from 
it ; whereas  a body  diftinguiflicd  by 
the  fenfe  of  fight  is  known  by  .the 
rays  of  light,  which  firfi;  fall  on  the 
body,  and  are  then  rejlecled  from  it. 


REFLECTIO>J  OF  LIGHT.  17 

James.  What  do  you  mean  by 
being  rejiected  ? 

Tutor.  If  I throw-  this  Jinarble 
fmartly  againft  the  wainfcot,  will  it 
Fcmain  where  it  was  thrown  ? 

James.  No ; it  \viil  rebound,  of 
come  back  again. 

Tutor.  What  you  call  rebound- 
ing ; writers  on  optics  denominate 
reflecHon.  Wdien  a body  of  any  kind, 
whether  it  be  a marble  with  which 
you  play,  or  a particle  of  light,  fti  ikes 
againft  a furface,  and  is  fent  back 
again,  it  is  faid,  to  be  reflected.  If 
you  Ihoot  a marble  ftraight  againft  a 
board,  or  other  obftacle,  it  comes 
back  in  the  fame  line,  or  nearly  fo  ; 
but'fuppdfe  you  throw  it  tideways 
docs  it  return  to  the  hand.^ 
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Chat'les.  Let  me  fee  : I will  llioot 
this  marble  againft  the  middle  of  one 
fide  of  the  room,  from  the  corner  of 
tlic  oppofite  fide. 

James,  You  fee,  inftead  of  com- 
ing back  to  your  hand,  it  goes  off  to 
the  other  corner,  diredtiy  oppofite  to 
the  place  from  which  you  fent  it. 

Tutor.  This  will  lead  us  to  the 
explanation  of  one  of  the  principal 
definitions  in  optics,  viz.  that  the 
angle  of  refieSiion  is  always  equal  to 
the  angle  of  incidence.  You  know 
what  an  angle  is  * ? 

Charles.  We  do:  but  not  what 
an  angle  of  incidence  is. 

: Tutor.  I laid,  a ray  of  light  was 
a particle  of  light  in  motion  : now 

* See  Scientific  Dialogues,  vol.  i.  Convers.  i. 
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there  are  incident  rays,  and  rejlccled 
ravs.  . ' ^ 

m 

The  incident  rays  are  tliofe  which 
fall  on  tlie  llnface ; and  the  reflected 
rays  are  thofe  which  are  fent  off 
from  it. 

- Charles.  Does  tlie  marble  going 
to  the  wainfcot  reprelent  the  incident 
ra}’,  and  in  going  from  it  does  it  re- 
pi  eient  tlie  reflected  ray  t 

Tutor.  It  does  : and  the  wainfcot 
may  be  called  the  refleaing  furface. 

• James.  Then  what  are  the  an<>-lcs 
of  incidence  and  refleaion  ? 

Tutor.  Suppofe  you  draw  the  lines 
Qir  which  the  marble  travelled  both 
to  the  wainfcot,  and  from  it  ap-ain. 

Charles.  I will  do  it  with  a piece 
of  challc. 
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Tutor.  Now  draw  a perpendicu- 
lar * from  the  point  where  the  mar- 
ble ftruck  the  fur  face,  that  is,  where 
your  two  lines  meet. 

Charles.  I fee  there  are  two  an- 
gles, and  they  feem  to  be  equal. 

Tutor.  We  cannot  expert  mathe- 
matical precifion  in  fucli  trials  as 
thefe;  but  if  the  experiment  were 
accurately  made,  the  two  angles 
would  be  perfectly  equal : the  angle 
contained  between  the  incident  ray, 
and  the  perpendicular,*  is  called  the 
angle  of  incidence,  and  that  con- 
tained between  the  perpendicular  and 

* If  the  point  be  exaftly  in  the  middle  of 
one  fide  of  the  room,  a perpendicular  is  readily 
drawn  ty  finding  the  middle  of  the  oppoflte 
fide,  and  joining  tlie  two  points. 
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refledecl  ray  is  called  tlie  angle  of  re- 
flexion. 

i James.  Are  thefe  in  all  cales 
equal,  flioot  the  marble  as  you  will  ? 

Tutor.  They  are  : and  the  truth 
I holds  equally  with  rays  of  light : — ^ 
both  of  you  ftand  in  front  of  the  look- 
\ oil  fee  yourfelves,  and 
one  another  alfo ; for  the  rays  of  light 
flow  from  you  to  the  glafs,  and  are 
refleXed  back  again  in  the. fame 
lines.  N^ow  both  of  you  ftand  on 
one  fide  of  the  room.  What  do  you 
fee? 

« 

Charles.  Not  ourfelvcs  : but  the 
furniture  on  the  oppofite  fide. 

^Tuior.  The  reafon  of  this  is,  that 
the  rays  of  light  flowing  from  you 
to  the  glafs  are  refleXed  to  the  other 
fide  of  the  room. 
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Charles,  Then  if  I go  to  that 
part,  I fhall  fee  the  rays  of  light 
flowing  from  my  brother : — and  I do 
fee  him  in  the  glafs. 

James.  And  I fee  you. 

■ Tutor.  Now  the  rays  of  light 
flow  from  each  of  you  to  the  glafs, 
and  are ' refle6led  to  one  another : 
but  neither  of  you  fees  himfelf. 

Charles.  No : I will  move  in 
front  of  the  glafs,  now  I fee  myfelf, 
but  not  my  brother ; and,  I think, 
I underftand  the  fubje61:  very  well. 

Tutor.  Then  explain  it  to  me  by 
a figure,  which  you  may  draw  on  the 
date. 

Charles.  Let  a b (Plate  i.  Pig.  1.) 
reprefent  the  looking-glafs : If  I ftand 
at  c,  the  rays  flow  from  me  to  the 
elafs.  and  are  reflected  back  in  the 
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fame  line,  becaufe  now  there  is  no 
angle  of  incidence,  and  of  courfe  no 
angle  of  refledlion  ; but  if  I hand  at 
.r,  then  the  rays  flow  from  me  to  the 
glafs,  but  they  make  the  angle  .r 
o c,  and  therefore  they  inufl,  be  re- 
fledled  in  the  line  o y,  fo  as  to  make 
the  angle  y o c,  wliich  is  the  angle 
of  refledlion,  equal  to  the  angle  .v  o c. 
And  if  James  hand  at  y,  he  will  fee 
nre  at  .r,  and  I fbanding  at  a’  fliall  fee 
him  at  y. 
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CONVERSATION  III. 


Of  the  KfraStion  of  Light, 

CHARLES.  If  glafs  flop  the 
rays  of  light,  and  reflect  them,  why 
cannot  I fee  myfelf  in  the  window? 

Tutor.  It  is  the  filvering  on  the 
glafs  which  caufes  the  refiedlion, 
otherwife  the  rays  would  pafs  through 
it  without  being  ftopt,  and  if  they 
were  not  flopt  they  could  not  be 
reflected.  No  glafs  however  is  fo 
tranfparent,  but  it  refledls  fome  rays : 

6 
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put  your  band  to  within  three  or  four 
inches  of  the  window,  and  you  fee 
clearly  the  image  of  it. 

James.  So  I do,  and  the  nearer 
the  hand  is  to  the  glafs  the  more 
evident  is  the  image,  but  it  is  formed 
on  the  other  fide  of  the  glafs,  and 
beyond  it  too. 

Tutor.  It  is ; this  happens  alfo 
in  looking-glalfes : you  do  not  fee 
yourfelf  on  the  furface,  but  ap- 
parently as  far  behind  the  glafs,  as 
you  hand  from  it  in  the  front. 

A\'hatever  fuffers  the  rays  of  liglit 
to  pafs  through  it  is  called  a inedium. 
Glafs,  which  is  tranfparent,  is  a 
medium;  fo  alfo  is  air;  water,  and 
' indeed  all  fluids  that  are  tranfparent 
arc  called  medla^  and  the  more  tranf-’ 
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parent  the  body,  the  more  perfect  is 
the  medium. 

Chatties.  Do  the  rays  of  light 
pafs  through  thefe  in  a ftraight  line  ? 

Tutor.  They  do : but  not  in  pre- 
cifely  the  fame  diredlion  in  which 
they  were  moving  before  they  entered 
it.  They  are  bent  out  of  their 
former  courfe,  and  this  is  called  re- 
f raft  ion. 

James.  Can  you  explain  this 
term  more  clearly  ? 

Tutor.  Suppofe  a b (Plate  i.  Fig. 
2.)  to  be  a piece  of  glafs  two  or 
three  inches  thick ; and  a ray  of 
light  s to  fall^  upon  it  at  a,  it  will 
not  pafs  through  it  in  the  direction 
s Sy  but  when  it  comes  to  a it  will 
be  bent  toward^  the  perpendicular 
a bj  and  go  throtigh  the  glafs  in  the 
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' courfe  a x,  and  when  it  comes  into  the 
air  it  will  pafs  on  in  the  dire<5lion  xz^ 
which  is  parallel  to  s 5. 

Charles,  Does  this  happen  if  the 
ray  fall  perpendicularly  on  the  glafs 
as  7a? 

Tutor.  In  that  cafe  there  is  no 
refraftion,  but  the  ray  proceeds  in 
* its  paffage  through  the  glafs,  pre- 
cifely  in  the  fame  direction  as  it  did 
before  it  entered  it,  namely,  in  the 
dire6lion  p b. 

James.  Refra6lion  then  takes 
\ 

place  only  when  the  rays  fall  obli- 
quely or  flantwife  on  the  medium  ? 

Tutor.  Juft  fo : rays  of  light  may 
pafs  out  of  a rarer  into  a denfer  me- 
dium, as  from  air,  into  water  or 
glafs;  or  they  may  pafs  from  a 
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denfcr  medium  into  a rarer  as  from 
water  into  air. 

Charles.  Are  tlie  cffe^ls  the  fame 
in  both  cafes  ? 

Tutor.  They  are  not : and  I wifli 
you  to  remember  the  difference. 
When  light  paffes  out  of  a rarer  into 
a denfcr  medium,  it  is  drawn  to  the 
perpendicular ; thus  if  s « pafs  from 
air  into  glals,  it  moves,  in  its  paf- 
fage  through  it,  in  the  line  a .v 
which  is  nearer  to  the  perpendicular 
a h than  the  line  a s which  was  its 
firft  direction. 

But  when  a ray  pafles  from  a 
denfcr  medium  into  a rarer,  it  moves 
in  a dire(Tion'  from  the  per- 

pendicular, thus  if  the  ray  x a pafs 
through  glafs  or  water  into  air,  it 
will  not  when  it  comes  to  a move  in 
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the  tlireclion  a m,  but  in  the- line  a s, 
which  is  farther  than  a m from  the 
perpendicular  a p. 

James.  Can  you  fliow  us  any  ex- 
periment in  proof  of  this  ? 

Tutor.  Yes,  I can  r here  is  a 
common  earthen  pan,  on  the  hot*- 
tom  of  which  I will  lay  a fliilling, 
and  M’ill  faften  it  with  a piece  of  foft 
Avax,  fo  that  it  lhall  not  move  from 
its  place,  while  I pour  in  feme  wafer. 
Stand  back  till  you  juft  lofe  fight  of 
the  fhilling. 

J nines,  llie  fide  of  the  pan  now  * 
completely  hides  the  fight  of  the 
money’  from  me.  ' ‘ 

Tutor.  I will  pour  in  a pitcher  of 
clear  water. 

James.  I now  fee  the  ftiilling : 
how  is  this  to  be  explained  ? 

p 3 
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Tutor.  Look  to  the  laft  figure, 
and  conceive  your  eye  to  be  at  s, 
a h tlie  fide  of  the  pan,  and  the 
piece  of  money  to  be  at  x : now 
wlicn  tlie  pan  is  empty,  the  rays  of 
light  flow  from  x in  the  dirc6tion 
X a m,  but  your  eye  is  at  s,  of  courfc 
you  cannot  fee  any  thing  by  the  ray 
proceeding  along  x a m.  As  foon  as 
I put  the  water  into  the  veffel,  the 
rays  of  light  proceed  from  x to  a; 
but  there  they  enter  from  a denfer  to 
a rarer  medium  ; and,  therefore,  in- 
ftcad  of  moving  in  a m,  'as  they  did 
when  there  was  no  water,  they  will 
be  hewt  from  the  j)erpcndicular,  and 
will  come  to  your  eye  at  s,  as  if  the 
lliilling  M'ere  fituate  at  n.  . 

Jamrs.  4^d  it  does  appear  to  me 
to  be  at  11.  * 
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T/i/or.  Remember  what  I am 
going  to  tell  you,  for  it  is  a fort  of 
axiom  ill  optics:  “We  fee  every 
thing  in  the  direction  of  that  line  in 
wiiicli  the  rays  approach  us  laft.” 
Which  may  be  thus  illuftrated  : I 
place  a candle  before  the  lookino-- 
glals,  and  it  you  hand  alfo  before  the 
glafs  the  image  of  the  candle  appears 
behind  it;  but  if  another  looking- 
glals  be  lb  placed  as  to  receiv’e  the 
ictleCled  lays  of  the  candle,  and  you 
hand  before  this  fecond  glafs,  the 
candle  will  appear  behind  that;  be- 
caufe  the  mind  tranfers  every  objedt 
feen  along  the  line  in  which  the  rays 
came  to  the  eve  lah. 

Charles.  If  the  hulling  were  not 
moved  by  the  pouring  in  of  the 
watei,  I do  not  underhand  .Jiow  we 
could  fee  it  afterwards. 
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Tutor:  But  you  do  fee  it  now 
at  the  point  n,  or  rather  at  the  little 
dot  juft  above  it,  which  is  an  inch  or 
two  from  the  place  Mdiere  it  v/as 
faftened  from  the  bottom,  and  from 
which  you  may  convince  yourfelf  it 
has  not  moved. 

James.  I fliould  like  to  be  con- 
vinced of  this : will  you  make  the 
experiment  again  that  I may  be 
fatisfied  of  it. 

Tutor.  You  may  make  it  as  often 
as  you  plcafe,  and  the  eftetl  will  al- 
ways be  the  fame  : but  you  mud  not 
imagine  that  the  fliilling  only  will 
appear  to  move,  the  bottom  of  the 
vehel  fecins  alfo  to  change  its  place 

James.  It  appears  to  me  to  be 
raifed  higher  as  the  water  is  poured  in. 
- Tutor.  ■ 1 tnift  you  are  fatisfied 
by  this  experiment:  but -I  can  fliew 
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you  another  equally  convincing ; but 
in  this  we  ftand  in  need  of  the  fun. 

Take  an  empty  bafoii  or  pan  a 
(Plate  I.  Fig.  3.)  into  a dark  room, 
having  only  a very  fmall  hole  in  the 
window  lluitter  : fo  place  the’bafon 
that  a lay  ot  light  fliall  fall  upon 
the  bottom  of  it  at  (i,  here  I make  a 
fmall  mark,  and  then  fill  the  bafou 

with  water.  Now  where  does  the 
ray  fall  ? 

James.  ■Much  nearer  to  the  fide 
at  b. 

1 utor.  I did  not  move  the  bafon, 
Rnd  thei efoi e could  liave  no  power 
in  altering  the  courfe  of  the  lip-ht 

O 

Charles.  It  is  very  clear  that  the 
ray  was  refi’adfed  by  the  water  at  s : 
and  I fee  that  the  effed  of  refradioii 
in  this  inftance  has  been  to  draw  the 
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ray  nearer  to  a perpendicular,  mIiIcIi 
may  be  conceived  to  be  the  fide  of 
the  vefiTel. 

Tutor.  The  fame  thing  may  be 
fliown  with  a candle  in  a room  other- 
wife  dark  ; let  it  Hand  in  fuch  man- 
ner as  that  the  fliadow  of  the  fide  of  a 
pan  or  box  may  fall  fomewhere  at  the 
bottom  of  it ; mark  the  place,  and 
pour  in  water,-  and  the  tliadow  will 
not  then  fall  fo  far  from  the  fide. 


‘ ''r.  Jfl 
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CONVERSATION  IV. 


Of  the  Refeclion  a?ul  RefraSion  of 
Light. 

TUTOR.  We  will  proceed  to  fome 
farther  illultrations  of  the  laws  of  re- 
flexion and  refraXion.  We  flint  out 
all  the  light  except  the  ray  that  comes 
in  at  the  fmall  hole  in  the  fliutter  : 
at  the  bottom  of  this  bafon,  where 
the  ray  of  light  falls,  I lay  this  piece 
of  looking-glafs  ; and  if  the  water  be 
rendered  in  a fmall  degree  opake  by 
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mixing  with  it  a few  (]rOj)S  of  milk, 
and  the  room  be  filled  M'ith  duft  by 
fweeping  a carpet,  or  any  other 
means,  then  you  will  fee  the  refrac- 
tion which  the  ray  from  the  fhutter 
undergoes  in  paffing  into  the  water, 
the  reflection  of  it  at  the  furface  of 
tlie  looking-glafs,  and  the  refraClioi; 
which  takes  place  when  the  ra}’'  leaves 
the  water,  and  paffes  again  into  the 
air. 

Ja7?ies.  Does  this  refiaclion  take 
place  in  all  kinds  of  glafs  ? 

Tutor.  It  does ; but  where  the 
glafs  is  veiy  thin,  as  in  window  glafs, 
the  deviation  is  fo  fmall  as  to  be 
generally  overlooked.  You  may  now 
underftand  why  the  oar  in  the  water 
appears  bent,  though  it  be  really 
ftiaight,  for  fuppofe  a (Plate  i,‘ 
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i 

Fig.  4.)  be  water,  and  max  the  oar, 
tlie  image  of  the  part  a x in  the  water 
will  lie  above  the  object,  fo  that  the 
oar  will  appear  in  the  lhape  m a ??,  in- 
ftcacl  of  m ax.  On  this  account  alfo 
a fhli  in  the  water  appears  nearer  the 
fur  face  than  it  adiially  is,  and  a 
markfman  fliooting  at  it  muft  aim 

O 

below  the  place  which  it  feems  to 
occupy. 

Charles.  Does  the  image  of  the 
object  feen  in  the  water  always  ap- 
pear higher  than  the  objeft  really  is? 

Tutor.  It  appears  one  fourth  near- 
er the  furface  than  the  object  is. 
Hence  a pond  or  river  is  a third  part 
deeper  than  it  appears  to  be,  which 
is  of  importance  to  remember,  for 
111  any  a fchool-bov  has  loft  his  life 
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by  imagining  the  water  into  which 
he  plunged  was  within  his  depth. 

• James.  You  liiy  the  bottom  ap- 
pears otie  fourth  nearer  the  furface 
than  it  is ; and  then  that  the  water 
is  a third  deeper  than  it  Teems  to  be, 
I do  not  underltand  this. 

Tutor.  SuppoTe  the  river  to  be  fix 
feet  deep,  which  is  Tutheient  to  drown 
you  or  me,  if  we  cannot  Twim : I 
fay  the  bottom  will  appear  to  be  only 
four  feet  and  a half  from  the  furface, 
in  which  cafe  vou  could  ftand  and 
have  the  greater  part  of  your  head 
above  it,  of  courfe  it  appears  to  be  a 
foot  and  a half  thallower  than  it  is, 
but  a foot  and  a half  is  juft  the  third 
part  of  four  feet  and  a half. 

‘ Charles.  Can  this  be  dicwn  by 
experiment  ? 
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Tutor.  It  may : — I take  this  large 
empty  pan,  and  with  a piece  of  foft 
wax  ftick  a piece  of  money  at  the 
bottom,  but  fo  that  you  caii  juft  fee 
it  as  you  ftaud ; keep  your  pofition, 
and  1 will  pour  in  a quantity  of 
water  gradually,  and  tell  me  the  ap- 
pearance. I 

Clarks.  The  Ihilling  rrfes  exact- 
ly in  the  fame  proportion  as  you  pour 
in  the  water. 

Tutor.  Recoiled  then  in  future 
that  we  cannot  judge  of  SJtanaes  ib 
well  ill  water  as  in  air. 

James.  And  I am  fure  we  can- 
not of  magnitudei:  for  in  looking 
through  the  lides  of  a globular  glafs 
at  fome  gold  and  filver  fiih,  1 thought 
them  very  large,  but  if  1 looked 
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down  upon  them  from  the  top  they 
appear  much  fmaller  indeed. 

Tutor.  Here  the  convex  or  round 
ihape  of  the  glafs  becomes  a magni- 
fier, the  reafon  of  which  Avill  be  ex- 
plained hereafter.  A fith  will  how- 
ever look  larger  in  water  than  it 
really  is. — I will  fhew  you  another 
experiment  which  depends  on  re- 
fraction : here  is  a glafs  goblet  two- 
thirds  full  of  water ; I throw  into  it 
a fiiilling,  and  place  a plate  on  the 
top  of  it,  and  turn  it  quickly  over, 
that  the  water  may  not  efcape.  What 
do -you  fee  ? ' 

, Charles.  There  is  certainly  a half 
crown  laying  on  the  plate,  and  a 
.fiiilling  feems  fwimming  above  it  in 
’the  water.  - . .i 
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Tutor.  So  it  appears  indeed  but 
it  is  a deceptiou  which  ariies  from 
your  feeing  the  piece  of  money  in 
two  dirci5tions  at  once,  viz.  through 
the  conical  furface  of  the  water  at 
the  fide  of  the  glafs,  and  through 
the  tlat  furface  at  the  top  of  the 
water.  The  conical  furface,  as  was  • 
the  cafe  witii  the  globular  one  in 
which  the  fidi  were  fwimming,  mag- 
nifies the  money ; but  by  the  flat 
furface  the  rays  are  only  refrafted, 
on  which  account  the  money  is  feen 
higher  up  in  the  glafs,  and  of  its 
natural  fize,  or  nearly  fo. 

James.  If  I look  fide-w'ays  at 
the  money  1 only  fee  the  large  piece ; 
and  if  only  at  top,  I fee  it  in  its 
natural  iize  and  ilate. 
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‘ Charles.  Look  again  at  the  fifh 
in  the  glafs,  and  you  will  fee  through 
the  round  part  two  very  large  fifli, 
and  feeing  them ‘from  the  upper  part 
they  appear  of  their  natural  fize ; the 
deception  is  the  fame  as  with  the 
fliilling  in  the  goblet. 

Tutor.  The  principle  of  refl  ation 
is  produ6live  of  fome  very  important 
cffe6ts.  By  this  the  fuii  every  clear 
morning  is  feen  feveral  minutes  be- 
fore he  comes  to  the  horizon,  and 
as  long  after  he  finks  beneath  it  in 
the  evening. 

Charles.  Then  the  days  are  longer 
than  they  would  ' be  if  there  was  no 
fuch  a thing  as  refrac^lion.  Will  you 
explain  how  this  happens  ? 

Tutor.  I will : you  know  we  are 
fuiTOund^d  with  an  atmofphere 


REFRACTION  OF  TII E 'ATMOSPHERE.  43 

which  extends  all  round  tlie  eartli,  ' 
and  above  it  to  about  the  height  of 

O 

forty-five  miles;  now  the  dotted  part 
of  Fig.  5.  reprefents  that  atmorphere : 
fuppofe  a fpedator  ftand  at  s,  and 
the  fun  to  be  at  « ; if  there  were  no 
refraftion  the  peifon  at  s would  not 
fee  the  ravs  from  the  fun  till  he  wercj 

ft/ 

fituate  with  regard  to  the  fun  in  a 
line  s .1’  becaule  when  it  was 
below  the  horizon  at  b,  the  rays 
would  pafs  by  the  earth  in  the  direc- 
ti(m  b n'  z \ but  owing  to  the  atmof- 
■jihere,  and  its  refracting  power,  when 
the  rays  from  b reach  a:,  they  are 
bent  towards  the  perpendicular,  and 
carried  to  the  fj)edator  at  s. 

James.  Will  he  reallv  fee  the  image 
of  the  fun  while  it  is  below  the  hori- 
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Tutor,  He  will ; for  it  is  eafy  to 
calculate  the  moment  when  the  fun 
Should  rife  and  fet,  and  if  that  be 
compared  with  exa6l;  obfervation,  it 
will  be  found  that  the  image  of  the 
fun  is  feen  fooner  and  later  than  this 
by  feveral  minutes  every  clear  day. 

Charles.  Are  we  fubje6l  to  the 
fame  kind  of  deception  when  the  fun 
is  a6tually  above  the  horizon  ? 

Tutor.  We  are  always  fubje6t  to 
it  in  thefe  latitudes,  and  the  fun  is 
never  in  that  place  in  the  heavens 
where  lie  appears  to  be. 

James.  Why  in  thefe  latitudes 
particularly  ? 

Tutor.  Becaufe  with  us  the  fun 
is  never  in  the  zenithy  or  dire6lly 
over  our  heads ; and  in  that  fitua- 
tion  alone  his  true  place  in  the 
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heavens ’is  the  fame  as  Lis  apparent 
place. 

Charles.  Is  that  becaufe  there  is 
no  refru^'tion  when  llie  rays  fall  per- 
j)eiiclicularly  on  the  atniofphere? 

Tutor.  It  is : but  when  the  fun 
(Plate  I.  Fig.  .5.)  is  at  in,  his  rays 
will  not  ])roceecl  in  a clirc(5l  line 
m 0 r,  but  will  be  bent  out  of  their 
coiirfe  at  o,  and  go  in  tlic  diredlion 
.0  s,  and  the  fpectator  will  imagine 
he  fees  the  fun  in  the  line  s o n. 

Charles.  What  makes  the  moon 
look  fo  much  larger  when  it  is  juft 
above  the  horizon,  than  Mdien  ijt  is 
iiigherup? 

Tutor,  d'hc  thicknefs  of  the  at- 
mofplierc  when  the  moon  is  near  the 
liorizon,  renders  it  lefs  bright  than 
when  it  is  higher  up,  which  leads  us 
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to  fuppofe  it  is  farther  off  in  the 
former  cafe  than  in  the  latter ; and 
becaufe  we  imagine  it  to  be  farther 
from  us,  we  take  it  to  be  a larger 
obje6i  than  when  it  is  higher  up. 

It  is  owing  to  the  atmofphere  that 
the  heavens  appear  bright  in  the 
day-time.  Without  an  atmofphere 
only  that  part  of  the  heavens  would 
appear  luminous  in  which  the  fun  is 
placed ; in  that  cafe,  it  we  could 
live  without  air,  and  fliould  ftand 
with  our  backs  to  the  fun,  the  whole 
heavens  would  appear  as  dark  as 
night 
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CO.WERSATION  V. 


Definitions--~Of  the  diff'erent  kind  of 
Lenfes — Of  Mr.  Parkers  Burning 
LenSy  and  the  effects  produced  by  it 

TUTOR.  I muft  claim  y^^ur  at- 
tention to  a few  other  definitions  ; 
the  knowledge  of  which  will  be 
wanted  as  we  proceed. 

A pencil  of  rays  is  any  number 
that  proceed  from  a point. 

Parallel  rays  are  fuch  as  move  al- 
ways at  the  fame  diftance  from  each 
other. 
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Charles.  That  is  fomething  like 
tlie  definition  of  parallel  lines  *.  But 
when  you  admitted  the  rays  of  light 
through  the  fnVall  hole  in  the  fhut- 
ter,  they  did  not  feem  to  flow  from 
that  point  in  parallel  lines,  but  to 
recede  from  eacli  other  in  proportion 
to  their  diftance  from  that  point. 

Tutor.  They  did  ; and  when  they 
do  thus  recede  from  eacli  other,  as 
in  this  figure  (Plate  i.  Fig.  6')  from 
c to  c d,  then  they  are  faid  to  diver ste. 
But  if  they  continually  approach  to- 
wards each  other  as  in  moving  from 
c d to  c,  they  arc  faid  to  converge. 

James.  What  does  the  dark  part 
of  this  figure  reprefent? 

* Parallel  lines  are  thofe  which  being  In- 
finite}}' extended  never  meett  ' ^ 
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• Tutor.  It  reprefents  a glafs  lens, 
of  which  tliCFC  are  leveral  kinds. 

Charles.  How  do  you  dclbribc  a 
lens  ? 

Tutor.  A lens  is  a glafs  ground 
into  fuch  a form  as  to  collebl  or  dif- 
perie  the  rays  of  light  which  pafs 
through  it.  They  are  of  different 
fhapes  from  which  they  take  tlieir 
names.  They  are  reprefented  liere 
in  one  vdew,  (Plate  r.  Fig.  7.)  a is 
fuch  a one  as  that  in  the  kill  figure, 
and  it  is  called  a plano-conncx\  be- 
caufe  one  fide  is  Jiat,  and  the  other 
convex  ; .b  is  a plano-concave,  one 
lide  hciw^Jiat,  and  the  other  is  co7i~ 
cave ; c is  a double  convex- lens,  be- 
caufe  both  fides  are  convex;  u.isa' 
double  concave,  becaufe  both  fides  are 
concave ; and  e is  called  a menifeus^ 
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being  convex  on  one  fide,  and  con- 
cave on  the  other ; of  this  kind  are 
all  watch  glaffes. 

James.  I can  eafily  conceive  of 
diverging  rays,  or  rays  proceeding 
from  a point ; but  what  is  to  make 
them  converge,  or  come  to  a point  ? 

Tutor.  Look  again  to  the  figure 
(Fig.  6) ; now  a,  b,  m,  &c.  repre- 
fent  parallel  rays,  falling  upon  a 
convex  furface,  of  glafs  for  inftance, 
all  of  which,  except  the  middle  one, 
fall  upon  it  obliquely,  and,  accord- 
ing to  what  we  faw  yefterday,  will 
be  refracted  towards  the  perpendi- 
cular. 

Charles.  And  1 fee  they  will  all 
meet  in  a certain  point  in  that  mid- 
dle line. 
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Tutoj'.  That  point  c is  called  the 
focus:  the  dark  part  of  this  figure 
only,  reprefents  the  glafs  OlS  c d n. 

Charles.  Have  you  drawn  the 
circle  to  Ihew  the  exact  curve  of  the 
different  lens  ? 

Tutor.  Yes:  and  you  fee  that 
parallel  rays  falling  upon  a plano^ 
convex  lens  (Fig.  6)  meet  at  a point 
behind  it,  the  diflance  of  which  from 
the  middle  of  the  glafs  is  exa6Uy 
equal  to  the  diameter  of  the  fphere 
' of  which  the  lens  is  a portion. 

James.  And  in  the  cafe  of  a 
double  convexy  is  the  diftance  of  the 
focus  of  parallel  rays,  equal  only  to 
the  radius  of  the  fphere  (Plate  i. 
Fig.  8.)? 

Tutor.  It  is : and  you  fee  the 
rcafoa  of  it  immediately,  for  two 
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concave  furfaces  have  double  tlic 
che<JT  in  rcfra^Viiig  rays  to  what  a 
hngle  one  has:  the  /^7//er  bringing 
them  to  a focus  at  the  diftance  of  the 
diameter,  the  former  at  half  that 
diftance,  or  of  the  radius. 

Charles.  Sometimes,  perhaps,  the 
two  Tides  of  the  fame  lens  may  have 
difterent  curves  : what  is  to  be  done 
then  ? 

Tutor.  If  vou  know  the  radius  of 
both  the  curves,  the  following  rule 
will  Gfive  you  the  anfwer : 

“ As  the  fum  of  the  radii  of  both 
curves  or  convexities  is  to  the  radius 
of  either,  fo  is  double  the , radius  of 
the  other  to  the  diftance  of  the  focus 
from  the  middle  point.” 

James.  Then  if  one  radius  be  four 
inches,  and  the  other  three  inches, 
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I fay,  as  4 4-  3 : 4 : : 6 : V ~ 3|, 

or  to  nearly  three  inches  and  a 
half.  I faw  a gentleman  lighting 
his  pipe  yefterday  by  means  of  the 
fun’s  rays,  and  a glafs,  was  that  a 
double  convex  lens  ? 

Tutor.  I dare  fay  it  was : and  you 
now  fee  the  reafon  of  what  then  you 
could  not  comprehend  : all  the  rays 
of  the  fun  that  fall  on  the  furface  of 
the  glafs  (fee  Fig.  8.)  are  colle6led 
in  the  point/,  which  in  this  cafe 
may  reprefent  the  tobacco  in  the 
pipe. 

Charles.  How  do  you  calculate  the 
lieat  which  is  colle6led  in  the  focus  ? 

Tutor.  The  force  of  the  heat  col- 
lected in  the  focus  is  in  proportion 
to  the  common  heat  of  the  fun,  as 
the  area  of  the  glafs  is  to  the  area  of 
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the  focus:  of'ccurfe  it  may  be  n 
hundred  or  even  a thoufand  times 
greater  in  the  one  cafe  than  in  the 
other. 

• Janies,  Have  I not  heard  you  fay 
that  Mr.  Parker,  of  Fleet-ftreet, 
made'  oiice  a very  large  lens;  which 
he  ufed  as  a burning  glafs  ? 

Tutor.  He  formed  one  three  feet 
in  diameter,  and  when  fixed  in  its 
frame  it  exjiofes  a clear  furface  of 
more  than  two  feet  eight  indies  in 
diameter,  and  its  focus,  by  means 
of  another  lens,  was  reduced  to  a 
diameter  of  half  an  inch.  The  heat 
produced  by  this  was  fo  great  that 
• iron  plates  were  melted  in  a few 
ij  feconds : — tiles  and  flates  became  red 

' hot  in  a moment,  and  were  vitrified, 
or  changed  into  glafs  : — fulphur, 
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jMtcIi,  and  other  refinous  bodies  were 
melted  under  water: — wood-aflies,^ 
and  thofe  ot  other  'v'cgetable  fub- 
flances,  M’erc  turned  in  a inomcnt 
into  trail  rparent  glals.  . 

Chcti'les.  Would  tlie  beat  produced 
by  k melt  all  the  metab  ? 

J'utor.  It  would  : even  gold  was 
jcndcred  fluid  in  a few  feeonds  ; n'ot- 
wrtbftanding,  however,  this  intenfe 
heat  at  the  focus,  the  finger  might 
without  the  fmallcfi  injurv  be  placed 
in  the  cone  of  rai's  within  an  inch 
of  the  focus. 

Jemes.  7'here  ivas,  however,  I 
fliould  fuppofe,  fome  rifque  in  this 
expciiinent,  for  fear  of  bringing  the 
linger  too  near  the  focus. 

Tutor.  ]\Ir.  Paiker’s  curiofity  led 

him  to  try  what  the  fenfation  would 

o. 
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be  at  the  focus,  and  he  defcribcs  it 
like  that  produced  by  a diarp  lancet, 
and  not  at  all  fimilar  to  the.  pain 
produced  by  the  heat  of  fire  or  a 
candle.  Subftances  of  a white  colour 
were  difficult  to  be  adled  upon. 

Charles.  I fuppofe  he  could  niakc 
water  boil  in  a very  diort  time  with 
the  lens. 

Tutor.  If  the  water  be  very  clear, 
and  contained  in  a clear  glafs  de- 
canter, it  will  not  be  wanned  by  the 
nioft  powerful  lens.  But  a piece  of 
wood  may  be  burned  to  a coal,  when 
it  is  contained  in  a decanter  of  water. 

James.  Will  not  the  heat  break 
the  glafs  ? 

Tutor.  It  will  ff’arcely  warm  it  : 
if,  however,  a piece  of  metal  be  put 
in  the  water,  and  the  point  of  rays 
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be  thro\vn  on  that,  it  will  communi- 
cate heat  to  the  water,  and  fomc- 
tim'es  make  it  boil.  The  fame  eife6l 
will  be  produced  rf  there  be  fome  ink 
thrown  into  the  water. 

If  a cavity  be^ inade  in  a piece  of 
charcoal,  and  the  fubftance  to  be 
a6ltd  on  be  put  in  it,  the  effect  pro: 
duced  by  the  lens  will  be  much  in- 
cicafed.  Any  metal  thus  enclofed 
I melts  in  a moment,  the  fire  fparkling 
! like  that  of  a,  forge  to  which  tlie 
i blah  of  a bellows  is  applied.  ' i 
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Of  Parallel  Rays — Of  dlvei'ging  and 
tonvergikg  Rays — Of  the  Focus 
mid focal  Dijlancee. 

CHARLES.  I have  been  look- 
ing at  the  figures  6 and  8,  and  lee 
that  the  rays  falling  upon  the  lenfes 
are  parallel  to  one  another : are  the 
fun's  rays  parallel  r 

Tutor.  They  are  confidered  fo : 
but  you  muft  not  fuppofe  that  all  the 
rays  which  come  from  the  furfaceof 
an  obje^,  as  the  fun,  or  any  other 
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body,  to  the  eye  are  parallel  to  each 
other,  but  it  mull  be  unclerflocxl  of 
thofc  rays  only  which  proceed  froni 
a fingie  point.  Suppofe  s (Plate  i. 
Fig.  9)  to  be  the  fun,  the  rays  whicii 
proceed  from  a tingle  point  a,  do  in 
reality  form  a cone,  the  bafk  of  which 
is  the  pupil  of  the  eye,  and  its  height 
is  the  difrance  from  us  to  the  fun. 

James,  liut  the  breadth  of*the 
eye  is  iiotiiing  when  compared  to  ^ 
line  ninety-live  millions  of  miles  long. 

Tutor.  And  for  that  rcafon  the 
various  rays  that  proceed  from  a 
fingie  point  in  the  fun  are  confidercd 
as  parallel,  becaufe  their  inclination 
to  each  other  is  infenfible.  .The 
fame  may^  he  faid  of  any  other  point 

as  c.  Now  all  the  ravs  that  we  can 

*/  ’ 

admit  by  means,  of  a fmall  aperture 
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or  hole,  muft  proceed  from  an  in- 
definitely fmall  point  of  the  fun,  and 
tlierefore  they  are  juftly  confidered 
as  parallel. 

If  now  we  take  a ray  from  the 
point  A,  and  another  from  c,  on 
oppofite  points  of  the  fun's  difk, 
they  will  form  a fenfible  angle  at  the 
, eye  ; and  it  is  from  this  angle  a e c 
that  we  judge  of  the  apparent  fize  of 
the  fun,  which  is  about  half  a degree 
in  diameter. 

Charles.  Will  the  fize  of  the  pupil 
of  the  eye  make  any  difference  with  re- 
gard to  the  appearance  of  the  objed:  ? 

Tutor.  The  larger  the  pupil  the 
brighter  will  the  objed  appear,  be- 
caufe  the  larger  the  pupil  is  the 
greater  number  of  rays  it  will  receive 
from  any  fingle  point  of  the  object. — 
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Ami  I wilh  you  to  remember  ^yhat  I 
have  told  you  before,  that  whenever 
the  appearance  of  a given  obje6t  is* 
rendered  larger  and  brighter,  we  al- 
ways imagine  that  the  objea  is  nearer 
to  us  than  it  really  is,  or  than  it 
appears  at  other  times. 

James.  If  there  be  nothing  to  re- 
ceive the  rays  (Fig.  8.)  at  would 
they  crofs  one  another  and  diverge 

Tutor.  Certainly,  in  the  fame 
manner  as  they  converged  in  coming 
to  it;  and  if  another  glafs  f o,  of  the 
lame  convexity  as  d e,  be  placed  in 
the  rays  at  the  fame  difta nee  from 
tlie  focus,  it  will  fo  refrad  them, 
that,  after  going  out  of  it,  they  will 
be  p.arallel,  and  fo  proceed  on  in  the 
lame  manner  as  they  came  to  the 
firfl;  glafs. 
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Charles,  There  is,  however,  this 
difference,  aH  the  rays  except  the 
middle  one  have  changed  fides. 

Tutor,  You  are  right,  the  ray  b, 
which  entered  at  bottom,  goes  out 
at  the  top  b ; and  a,  which  entered 
at  the  top,  goes  out  at  the  bottom 
tf,  and  fo  of  the  reft. 

If  a candle  be  placed  at  the 
focus  of  the  convex  glafs,  the  diverg- 
ing  rays  in  the  fpace  F./  c,  will  be  fo 
refradted  by  the  glafs,  that  after  going 
out  of  it,  they  will  become  parallel 
again. 

James,  What  will  be  the  effect  if 
the  candle  be  nearer  to  the  glafs  than- 
the  point  / ? 

Tutor.  In  that  cafe,  as  if  the 
caudle  beat^,  (Plate  ti.  Fig.  10.) 
the  rays  vdll  diverge  after  they  have 
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paffcd  through  the  glafs,  and  thd 
divergency  will  be  greater  or  lefs  in 
proportion  as  the  candle  is  more  dr 
lefs  diftant  from  the  focus. 

Charles.  If  the  candle  be  placed 
farther  from  the  lens  than  the  focus 
f,  will  the  rays  meet  in  a point  aftei* 
tliey  have  palTed  through  it  r 

Tutor.  They  will : thus  if  the 
candle  be  placed  at  (Plate  it. 
Fig.  II.)  the  rays,  after  palling  the 
lens,  will  meet  in  x ; and  this  point 
Je  will  be  more  or  lefs  diftant  from  the 
glafs,  as  the  candle  is  nearer  to,  or 
farther  from  its  focus. — Where  the 
rays  meet  they  form  an  inverted 
image  of  the  flame  of  the  candle; 
James.  Why  fo  ? 

Tutor.  Becaufe  that  is  the  point 
where  the  rays,  if  they  are  not  ftdp- 
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pcd,  crofs  each  other : to  fatisf}/  you 
on  this  head  I will  hold  in  that  point 
a llieet  of  paper,  and  you  now  fee 
that  the  flame  of  the  candle  is  in- 
verted. ^ 

This  may  be  explained  in  the  fol- 
lowing^manner : Let  a b c (Plate  ii. 
Fig.  12.)  reprefent  an  arrow  placed 
beyond  the  focus  r of  a double  con- 
vex kns  hfe/,  fome  rays  will  flow 
from  every  part  of  the  arrow,  and 
fall  on  the  lens ; but  we  fliall  con-: 
lider  only  thofe  which  flow  from  the 
points  A,  B,  and  c.  The  rays  which 
come  from  a,  as  a ff,  a e,  and  Afy 
will  be  refradled  by  the  lens,  and  meet 
in  A.  Thofe  which  come  from  b as 
B d,  Be,  and  b f,  will  unite  in  A, 
and  thofe  which  come  from  c will 
unite  in  c. , 
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Charles.  I fee  dearly  how  th« 
rays  from  b are  refradecl,  and  unite 
in  b ; but  it  is  not  fo  evident  with 
rcgJird  to  thofe  from  the  extremities 
A and  c. 

Tutor.  I admit  it,  but  you  muft 
remember  the  difhrulty  coufifts  in 
this,  the  rays  fall  more  obliquely  on 
the  glafs  from  thofe  points  than  from 
fhe  midille,  and  therefore  the  re- 
flation is  very  different.  The  ray 
B F in  the  center  fuffers  no  reflation, 
B ^ is  reflated  into  b ; and  if  an- 
other ray  went  from  n as  n r/,  it 
would  be  reflated  to  n fomewhere 
between  b and  and  the  rays  from 
A mull  for  the  fame  reafou  be  re- 
frated  to  a. 

James.  If  the  objet  a b c is 
brought  nearer  to  the  glafs,  will  the 
c 3 
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pi6lure  be  removed  to  a greater  cliA 
tance  ? 

• Tutor,  It  will : for  then  the  rays 
will  fall  more  diverging  upon  the 
srlafs,  and  cannot  be  fo  foon  colledl- 
ed  into  the  correfponding  points  be- 
hind it. 

Charles.  From  what  you  have 
faid,  I fee  that  if  the  objc6l  a b c be 
placed  in  f,  the  rays,  after  refradion, 
will  go  out  parallel  to  one  another ; 
and  if  brought  nearer  to  the  glafs 
than  F,  then  they  will  diverge  from 
one  another,  fo  that  in  neither  cafe 
an  image  will  be  formed  behind  the 
lens. 

James.  To  get  an  image,  muft  the 
ohjed  be  beyond  the  focus  f ? 

Tutor.  It  mull : and  the  pidure 
will  be  bigger  or  lefs  than  the  objed, 
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as  its'diftancefrom  the  glafs  is  greater 
or  Ids  than  the  diftance  of  the  objed ; 
if  A B c (Fig.  12.)  be  the  obje6f, 
Q b A will  be  the  pidure ; and  c b a 
be  the  objed,  a b c will  be  the 
picture. 

Charles.  Is  there  anv  rule  to  find, 
the  dil'tance  of  the  pi6lurc  from  the 
glafs  ? 

Tutor.  If  you  know  the  focal 
diftanee  of  the  glafs,  and  the  diftance 
of  the  ohjed  from  the  glafs,  the  rule 
is  this : 

“ Multiply  the , diftance  of  the 
ft)cus  by  the  diftance  of  the  objed, 
and  divide  the  produd  by  their  dif- 
ference, the  quotient  is  the  diftance 
. of  the  picture. ” 

.James.  If  the  focal  diftance  of 
the  glafs  be  feven  inches,  and  the- 
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ohjed  be  nine  inches  from  the  leris. 


7x9 


=:  31|  inches;  of' 


ooiii-le  the  pi6lure  will  be  very  much 
larger  tiian  the  obje6l. — For,  as  you 
have  fail],  the  pi(5lure  is  as  much 
bigger  or  lefs  than  the  ohjed,  as  its 
diftance  from  the  glafs  is  greater  or 
lefs  than  the  diftance  of  the  objedt. 

. Tutor.  If  the  focus  be  feven 
inches,  and  the  objedl  at  the  dif- 
tance of  feventeen  inches,  then  the 
^ * 

diftance  of  the  pidlure  will  be  found 


thus 


7x17  _ JJ9 
10'  10 


12  inches 


nearly. 


CONVERSATION  VII. 


Images  of  Objects  inverted — Of  the 
Sdoptric  Bail — Of  Lenfcs  and  their 
Foci 

JAMES,  Will  the  image  of  a 
caudle  when  received  through  a con- 
vex lens  be  inverted  ? 

Tutor.  It  will,  as  you  ihall  fee:' 
Here  is  no  light  in  this  room  but  from 
.'the  candle,  the  lays  of  whicli  pafs 
through  a convex  lens,  and  by  hold- 
ing a flicet  of  paper  in  a proper 
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place,  you  will  fee  a complete  in- 
verted image  of  the  candle  on  it. 

An  objeft  feeii  through  a very 
fmall  aperture  appears  alfo  inverted, 
but  it  is  very  imperfc61:  compared  to 
an  image  formed  with  the  lens ; it  is 
faint  for  want  of  light,  and  it  is  con- 
fufed  becaufe  the  rays  interfere  with 
one  anotlier. 

Charles.  What  is  the  reafbn  of  its 
being  inverted  ? * 

Tutor.  Becaufe  the  rays  from  the 
Extreme  parts bf  the  ohjedt  muftxrofa 
at  the  hole.  If  you  look  through  a 
very  fmall  hole  at  any  objedf,  the 
dbjedl;  appears  riiagnified.  Make  a 
pin-hole  in  a Iheet  of  brown  paper, 
and  look  through  it  at  the  fmall 
pi’int  of  this  book. 
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James.  It  is,  indeed,  very  mnch 
magnified. 

Tutor.  As  an  objed:  approaches 
a convex  lens,  its  image  departs  from, 
it;  and  as  the  object  recedes,  Its 
image  advances.  Make  the  experi- 
ment with  a candle  and  a lens,  pro- 
perly mounted  in  a long  room  : when, 
you  ftand  at  one  end  of  the  room, 
and  tlirow  the  image  on  the  oppolite 
wall,  the  image  is  large,  but  as  you 
come  nearer  the  wall  the  image  is 
fmall,  and  the  diftance  between  the 
candle  and  glafs  is  very  much  in- 
creafed. 

I will  now  fhowyou  an  inftrumentj, 
called  a Scioptric  Bali,  which  is 
taftened  into  a window  fhutter  in  a 

t 

room,  in  which  all  light  is  bauiihed. 
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except  wliat  comes  in  through  this 
glafs.  , 

Charles.  Of  what  does  tin's  ia- 
ftrument  confift  ? 

Tutor.  Of  a frame  a b (Plate  ii. 
Fig.  13.)  and  a hall  of  wood  c,  in* 
which  is  a glafs  lens ; and  the  ball 
moves  eafily  in  the  frame  in  all  die 
regions,  fo  that  the  view  of  anV  fur- 
rounding  objedls  may  be  received' 
through  it.  * 

James.  Do  you  ferew  this  frame 
into  the  Ih utter  ? 

Tutor.  Yes,  a hole  is  cut  in  it 
for  that  purpofe  ; and  there  are  little 
brafs  ferews  belonging  to  it,  fuch  .as 
that  marked  s.  When  it  is  fixed  in 
its  place,  a fereen  muft  be  placed  at' 
sfc  proper  diftance  from  the  lens  to  re-, 
ceive  on  it  images  of  the  objects  out 
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of  doors.  This  inftriimcnt  is  Ibiiic** 
times  called  an  artificial  eye. 

Charles.  In  what  rerpe6ls  is  it 
like'  the  eye  ? 

Tut^r.  The  frame  has  been  com- 
pared to  the  focket  in  which  the  eye 
moves,  and  the  wooden  ball  to  the 
whole  globe  of  the  eye ; the  hole  in 
tlie  ball  reprefents  the  pupil,  tlie 
convex  lens  correfponds  to  thecrvftal- 
line  humour  * and  the  fereen  to  tlie 
retina. 

James.  ‘ The  ball  by  turning  in  all 
direftions  is  very  like  the  eye,  for 
without  moving  my  head  I can  look* 
on  all  fides,  and  upwards  and  down- 
wards. 


* 


Thefe  terms  will  be  explained  hereafter.-  ; 
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Tutor.  Well,  wc  will  now  place; 
the  Icreeii  properly,  and  turn  the* 
ball  to  the  garden  : — Merc  you  fee* 
all  the  objecls  perfedly  ex  prefled. 

James,  Cut  they  are  all  inverted. 

Tutor.  That  is  the  great  defeCl 
belonging  to  this  iiiftruinent ; but  I 
will  tell  you  how  it  may  be  re- 
medied : — take  a looking-glafs  and 
hold  it  before  you  with  its  face  to- 
w^ards  the  pidure  on  the  fcrcen,  and- 
inclining  a little  downwards,  and  the 
images  w'ill  appear  erect  in  the  glafs, 
and  even  brighter  than  they  w'cre  on 
the  fcrecn. 

Charles.  You  have  fliowni  us  in 
what  manner  the  rays  of  light  are 
refracted  by  convex  lenfes,  when 
thofe  rays  are  parallel.  Will  there 
iiot  be  a difference  if  the  rays  con- 
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^trge,  or  diverge  before  they  enter 
the  lens  ? 

Tutor.  Certainly : if  rays  con- 
mrge  before  they  enter  a convex 
lens,  they  will  be  colle6ied  at  a point 
nearer'  to  the  lens  than  the  focus  of 
parallel  rays.  But  if  they  diverge 
before  they  enter  the  lens,  they  will 
then  be  coIle6led  in  a point  beyond 
the  focus  of  parallel  rays. 

There  are  concave  lenfes  as  well  as 
convex,  and  the  refraftion  wiiicli 
takes  place  by  means  of  thefe  differs 
from  that  which  I have  already  ex- 
plained. 

Charles.  What  will  the  effe6l  of 
refraction  be  when  parallel  rays  fall 
upon  a double  concave  lens? 

Tutor.  Suppofe  the  parallel  rays 
<7,  by  c,  d,  See.  (Plate  ix.  Fig.  14'^) 
u 2 
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pafs  through  the  lens  a b,  they  will 
diverge  after  they  have  palled  through 
the  glafs. 

James.  Is  there  any  rule  for  afeer- 
taining  the  degree  of  divergency  ? 

Tutor.  Yes,  it  will  be  precifely 
fo  much  as  if  the  rays  had  come  from 
a radiant  point  x,  which  is  the  centre 
of  the  concavity  of  the  glafs. 

Charles.  Is  that  point  called  the 
focus  ? 

Tutor.  It  is  called  the  virtual  or 
vnaginary  focus.  Thus  the  ray  a, 
after  palfing  through  the  glafs  a b 
will  go  on  in  the  diredlion  g h,  as  if 
it  had  come  from  the  point  x,  and 
no  glafs  been  in  the  way  ; the  ray  b 
would  go  on  in  the  diredlion  m n, 
and  the  ray  e in  the  diredlion  r Sy 
and  fo  on.  The  ray  c x in  the 
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centre  fuffers  no  refraftion,  but  pro- 
ceeds precifely  as  if  no  glafs  had  been 
in  the  way. 

James.  Suppofe  the  lens  had  been 
concave  only  on  one  fide,  and  the 
other  fide  had  been  fiat,  how  would 
the  rays  have  diverged  ? 

Tutor.  Thev  would  have  diverged 

^ V 

after  pafling  through-  it,  as  if  they 
had  come  from  a radiant  point  at  the 
diftance  of  a whole  diameter  of  the 
convexity  of  the  lens. 

Charles.  There  is  then  a great 
fimilarity  in  the  refraction  of  theJ 
convex  and  concave  lens. 

Tutor,  'rrue:  the/ocwofadoubls* 
convex  is  at  the  diftance  of  the  radius 
of  convexity,  and  fo  is  the  imaginary 
focus  of  the  double  concave  i and 
« 3 , 
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the  fociis  of  the  piano  convex  is  ati 
the  diflance  of  the  jliameter  of  the? 
convexity,  and  fo  is  the  imaginary^ 
focus  of  the  piano  concave. 

You  will  find  that  ^images  formed, 
by  a concave  lens,  or  thofe  formedl 
by  a convex  lens,  where  the  objedl  is; 
within  its  principal  focus,  are  in  the; 
fame  pofition  with  the  objedls  theyr 
reprefent: — they  are  alfo  imaginary^, 
for  the  refradted  rays  never  meet  at: 
the  foci  whence  they  feem  to  diverge.. 

But  the  images  of  objedts  placed  I 
beyond  the  focus  of  a convex  lens; 
are  inverted,  and  real  for  the  re-* 
fradled  rays  do  meet  at  their  proper: 
foci. 


I 


CONVERSATION  VIII. 

I . • . 


Of  the-  Nature  and  Advantages  of 

Light — Of  the  Separation  of  the 

Rays  of  Light  by  means  of  a Prifm  ! 

' — And  of  compounded  Rays,  ,■ 

TUTOR.  We  cannot  contemplate  ; 

the  nature  of  liijjht  without  beinj?  ' 
Ih-iick  with  the  great  advantages 
which  we  enjoy  from  it.  Without 
tliat  bleffing  our  condition  would  be. 
truly  deplorable. 

Charles.  I well  remember  liow  « 
feelingly  Milton  defcribes  liis  htua- 
tion  after  he  loft  his  fight : i 
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— .With  the  year 

Seafons  return  ; but  not  to  me  returns 
Day,  or  the  fweet  approach  of  ev’n  or  morn. 

Or  fight  of  vernal  bloom,  or  fumraer’s  rofc. 

Or  flocks,  or  herds,  or  human  face  divine  ; 

But  cloud' inftead,  and  ever-during  dark 
Surrounds  me,  from  the  cheerful  rays  of  men 
Cut  off,  and  for  the  book  of  knowledge  fair. 
Prefen  ted  with  an  univerfal  blank 
Of  Nature’s  works,  to  me  expunged  and  raz’d. 
And  wifdom,  at  one  entrance,  quite  fnut  out. 

Tutor.  Yet  bis  fituation  w’as  ren- 
dered comfortable  by  means  of  friends 
and  relations,  who  all  polfeifed  tire 
advantages  of  light.  But  if  our 
world  were  deprived  of  light,  what 
pleafure  or  even  comfort  could  we 
enjoy.  “ How,”  fays  a good  writer, 
‘‘  could  we  provide  ourfelves  with 
food,  and  the  other  iiecelVarics  of 
life  ? How  could  we'traufadl  the  leah 
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bufinefs  ? How  could  we  correfpond 
with  each  other,  or  be  of  the  lealt 
reciprocal  fervice  without  light,  and 
thofe  admirable  organs  of  the  body, 
which  the  Omnipotent  Creator  has 
adapted  to  the  perception  of  this  in- 
eftimable  benefit.” 

James.  But  you  have  told  us  that 
the  light  would  be  of  comparatively 
fmall  advantage  without  an  atinof- 
phere. 

Tutor,  The  atmofphere  not  only 
r^JraSls  the  rays  of  the  light  fo  that 
we  enjoy  longer  days  than  we  fiiould 
without  it,  but  occafions  tliat  twi- 
light, which  is  fo  beneficial  to  our 
eyes,  for  without  it  the  appearance 
and  difappearance  of  the  fun  would 
have  been  inftantaneous ; and  in 
eyery  twenty-four  hours  we  fiiould 
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have  ejJperienced  a fiidden  tranfition 
from  the  brighteft  fun-lhine  to  the 
moft  profound  darknefs,  and  from 
thick  darknefs  to  a blaze  of  liq;ht. 

Charles.  I know  how  painful  that 
would  be  from  having  dept  in  a very 
dark  room,  and  having  fuddenly 
opened  the  fliutters  when  the  fun 
was  fliining  extremely  bright. 

Tutor,  - The  atmofphcre  refle61s 
alfo  the  light  in  every  dire<5lion,  and 
if  there  were  no  atmofphere,  the  fun 
would  benefit  thofe  only  who  looked 
towards  it,  and  to  thofe  whofe  backs 
were  turned  to  that  luminary  it  would 
all  be  darknefs.  Ought  we  not  there- 
fore gratefully  to  acknowlcYlge  the 
wifdom  and  goodnefs  of  the  Creator 
who  has  adapted  thefe  things  to  the 
advantage  of  his  creatures ; and  may 
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we  not  with  Thomfon  devoutly  ex- 
claim : 

How  then  lhall  I attempt  to  fing  of  Him 
Who,  light  himfcif,  in  uncreated  light 
Inveftcd  deep,  dwells  awfully  retir’d 
hrom  mortal  eye,  or  angel’s  purer  ken  ; 

Whofe  fmgle  fmile  has,  from  the  firfl  of  time. 
Fill’d,  overflowing,  all  yon  lamps  of  heaven, 
'rhat  beam  for  ever  through  the  boundlefs  fley  ; 
But,  Ihould  He  hide  his  face,  th’  aftoniflx’dfun. 
And  all  the  extinguifh’d  liars  would  loofening 
reel 

Wide  from  their  fphercs,  and  Chaos  come 
again. — ^ 

I 

James.  I faw  in  fome  of  your  ex- 
periments that  the  rays  of  light  after 
palling  through  the  glafs  were  tinged 
with  diderent  colours,  what  is  the 
reafon  of  this  ? 

Tutor.  Formerly  light  was  fup- 
poll'd  to  be  a fimple  and  imcom- 
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pounded  body;  Sir  Ifaac  Newton, 
however,  difcovered,  that  it  was  not 
a fimple  fubftance,  but  was  compofecl 
of  feveral  parts,  each  of  which  has 
in  fa6l  a different  degree  of  refrangi- 
bility. 

^ Charles.  How  is  that  fliown  ? 

Tutor.  Let  the  room  be  darkened, 
and  let  there  only  be  a very  fmall 
hole  in  thefluitter  to  admit  the  fun’s 
rays;  inftead  of  a lens  I take  a tri- 
angular piece  of  glafs,  called  ^prifm  ; 
now  as  in  this  there  is  nothing;  to 
bring  the  rays  to  a focus,  they  will, 
in  palfing  through  it,  fiiffer  different 
degrees  of  refradlion,  and  be  fepa- 
rated  into  the  different  coloured 
rays,  which  being  received  on  a ihect 
ot  white  paper  will  exhibit  the  feven 
Ibilowing  colours ; m/,  orangey  yeC 
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to,  green,  blue,  indigo,  and  riokt ; 
and  now  you  diall  hear  a poet’s  de- 
feription  of  them. 

^ Firft  the  flaming  red 

Sprung  vivid  forth  ; the  tawny  orange  next  ; 
And  next  delicious  ; by  whofe  fide 
Fell  the  kind  beams  of  all-refrefliing  green. 
Then  the  pure  hlue,  that  fwells  autumnal  Ikies, 
Ethereal  play’d  ; and  then  of  fadder  hue. 
Emerg’d  the  deepen’d  indigo,  as  when 
The  heavy  fliirted  evening  droops  wdth  frofi'. 
While  the  lofi:  gloamings  of  refraded  light 
Dy’d  in  the  fainting  <violet  away. 

Thomson. 

James.  Here  arc  all  tlie  colours 
of  the  rainbow : the  image  on  the 
paper  is  a fort  of  oblong. 

Tutor.  That  oblong  image  is 
ufually  called  a fpcctrum,  and  if  it 
be  divided  into  360  equal  parts,  the 
VOL.  V. 
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red  will  occupy  45  of  tlicm,  the 
orange  27,  the  yellow  48,  the  green 
and  the  blue  6'0  each,  the  indigo  40, 
and  the  violet  80. 

Charles.  The  fliade  of  difference 
in  foine  of  thefe  colours  fceins  very 
fmall  indeed. 

Tutor.  You  are  not  the  only  per- 
fon  who  has  made  this  obfervation ; 
foine  experimental  philofophers  fay 
there  are  but  three  original  and  truly 
diftind  colours,  viz.  the  red.,  yclloiv, 
and  blue. 

Charles.  What  is  called  the  oi'ange^ 
is  furely  only  a mixture  of  the  red 
and  yellow,  between  which  it  is 
fituated. 

I 

Tutor.  In  like  manner  the  green 
is  faid  to  be  a mixture  of  the  yellow- 
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and  blue,  and  the  violet  is  but  a 
fainter  tinge  of  the  indigo. 

James.  How  is  it  then  that  light, 
which  confifts  of  feveral  colours,  is 
ufually  feeii  as  white  ? 

Tutor.  By  mixing  the  feveral  co- 
lours in  due  proportion  Avhite  may 
be  produced. 

James.  Do  you  mean  to  fay  that 
a mixture  of  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet  in 
any  proportion  will  produce  a white? 

Tutor.  If  vou  divide  a circular 
furface  into  S60  parts,  and  then 
paint  it  in  the  proportion  juft  men- 
tioned, that  is,  45  of  the  parts  fed, 
^27  orange,  48  yellow,  kc.  and  turn 
^ it'  round  with  great  velocity,  the 
wiiole  will' appear  of  a dirty  white, 

I 3 
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and  if  the  colours  were  more  perfe6b 
the  white  would  be  fo  too. 

James.  Was  it  then  owing  to  the 
feparation  of  the  different  rays  that  I 
faw  the  rainbow  colours  about  the 
edges  of  the  image  made  with  the 
lens  ? ’ 

Tutor.  It  was  : fome  of  the  rays 
were  fcattered,  and  not  brought  to  a 
focus,  and  thefe  were  divided  in  the 
courfe  of  refraction.  And  I may 
tell  you  now,  though  I diall  not  ex- 
plain it  at  prefent,  that  the  rainbow 
in  the  heavens  is  caufed  by  the  fepara- 
tion  of  the  rays  of  light  into  their 
component  parts. 

Charles.  And  was  that  the  caufe  of 
the  colours  which  we  faw  on  fome 
foap  bubbles  which  James  was  mak*!> 
ing  with  a tobacco-pipe  ? 

Tutor.  It  was. 


CONVERSATION  IX, 


Of  Colours. 

CHARLES.  After  what  you  faid 
yefterclay,  I am  at  a lofs  to  know  the 
caiife  of  different  colours ; the  cloth 
on  this  table  is  green  ; that  of  which 
my  coat  is  made  is  blue,  what  makes 
the  difference  in  thefe?  Am  I to 
believe  the  poet,  that 

Colours  are  but  phantoms  of  the  day,  . 

With  that  they’re  born,  with  that  they  fade 
aw'ay  ; 
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Like  beauty’s  charms,  they  but  amufe  the 
fight, 

Dark  in  themfelves,  till  by  rcflcdlion  bright ; 
With  the  fun’s  aid  to  rival  him  they  boaft. 

But  light  withdrawn,  in  their  own  lhades  are 
loft. 

Hughes. 

Tutor.  All  colours  are  fuppofed  to 
cxift  only  in  the  light  of  luminous 
bodies,  luch  as  the  fun,  a candle, 
SiQ.  and  that  light  falling  inceffant- 
ly  upon  different  bodies  is  feparated 
into  its  feven  primitive  colours,  fome 
of  which  are  abforbed,  while  others 
are  rcfle(5led. 

James.  Is  it  from  the  retle61;ed 
rays  that  we  judge  of  the  colour  of 
ol)je6ts  ? . 

Tutor.  It  has  generally  ^ been 
' thought  fo;  thus  the  cloth  on  the 
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table  abforbs  all  the  rays  but  the 
green,  which  it  reflects  to  the  eye : 
but  your  coat  is  of  a cliflTerent  tex- 
ture, and  abforbs  all  but  the  blue 
j-ays. 

Charles.  'Why  is  paper  white,  or 
the  fnow  r 

Tutor.  The  whitenels  of  paper  is 
occafioned  by  its  refle<5ling  the  great- 
eft  part  ot^all  the  rays  that  fall  upon 
it.  And  every  flake  of  fnow  beirio-  ’ 
an  aflemblage  of  frozen  globules  of 
water  flicking  together,  refleas  and 
refraas  the  light  that  falls  upon  it 
in  all  diredions  fj  as  to  mix  it  very 
intimately,  and  produce  a M’hite 
image  on  the  eye, 

James.  Does  the  whitenefs  of  the 
fun’s  light  arife  from  a mixture  of  all 
the  primary  colours  ? 
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Tutor.  It  does,  as  may  be  eafily 
proved  by  an  experiment,  for  if  any 
of  the  feven  colours  be  intercepted  at 
the  lens,  the  image  in  a great  mea- 
fure  lofes  its  whitenefs.  With  the 
piifm  1 will  divide  the  ray  into  its 
feven  colours  % I will  then  take  a 
convex  lens  in  order  to  re-unite  them 
into  a fingle  ray,  which  will  exhibit 
a round  image  of  a lliining  white ; 
but  if  only  five  or  fix  of  thefe  rays 
be  taken  with  the  lens,  it  will  pro- 
duce a dufky  white. 

Charles.  And 'yet  to  this  white 
colour  of  the  fun  we.  are  indebted  for 
all  the  fine  colours  exhibited  in 
nature ; ** 

* A figure  will  be  given  on  this  fubjeft  with 
explanations,  Convcifation  XVllI,  on  the 
Rainbow.  - * 
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Faireft  of  beings!  firft  created  light  I 
Prime  caufe  of  beauty  ! for  from  thee  alone. 
The  fparkling  gem,  the  vegetable  race. 

The  nobler  worlds  that  live  and  breathe,  their 
charms. 

The  lovely  hues  peculiar  to  each  tribe. 

From  thy  unfailing  fource  of  Iplendor  draw. 

Mallet. 

Tutor,  Tbefeare  very  appropriate 
lines,  for  witiiout  light  the  diamond 
would  lofe  all  its  beauty. 

James.  The  diamond,  I know, 
owes  its  brilliancy  to  the  power  of 
reflediing  almoft  all  the  rays  of  light 
that  fall  on  it : but  are  vegetable  and 
animal  tribes  equally  indebted  to  it? 

Tutor.  What  does  the  gardener 
do  to  make  his  endive  and  lettuces 
white? 

Charles.  lie  ti£s  them  up. 
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Tutor.  That  is,  he  iliiits  out  the 
light,  and  by  this  means  they  be- 
come blanched.  I could  produce  you  | 
a thoufand  inftauccs  to  fliow,  not 
oulv  that  the  colour,  but  even  the 
exiftence  of  vegetables,  depend  upon 
light,  Clofe  wooded  trees  have  only 
leaves  on  the  outfide,  fuch  is  the 
cedar  in  the  garden.  Look  up  the 
infide  of  a yew  tree,  and  you  will  fee 
that  the  inner  branches  are  ahnofl,  .or 
altogether  barren  of  leaves.  Gera- 
niums and  other  green-houfe  plants 
turn  their  flowers  to  the  light ; and 
plants  in  general,  if  doomed  to  dark-, 
nefs,  foon  (jekeu  and  die. 

James.  There  are  fomc  flowers, 
the  petals  of  which  are,  in  difterent 
parts,  of  different  colours,  how  do 
^•Qu  account  for  this  ? 
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Tutor.  The  flower  of  the  hearts- 
eafe  is  of  this  kind,  and  if  examined 
with  a good  niicrofco|'>e  it  will  be 
found  that  tlie  ie.vture  of  tlie  blue 
and  yellow  parts  is  very  different. 
The  texture  of  the  leaves  of  the 
white  and  red  rofe  is  alfo  different. 
Clouds  alfo  which  arc  fo  various  in 

their  colours  are  undoubtedly  more 

«/ 

or  lefs  deufe,  as  well  as  being  dif- 
ferently placed  with  regard  to  the 
eye  of  the  fpedlator ; but  the  whole 
depends  on  the  light  of  the  fun  for 
their  beauty,  to  which  the  poet  re- 
fers ; — 

But  fee,  the  flufh’d  horizon  flames  intenfe 
With  vivid  red,  in  rich  profufion  ftream’d 
O’er  heaven’s  pure  arch.  At  once  the  clouds 
aflume 

Their  gayeft  liveries ; the/e  with  filvery  beams 
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Fring'd  lovely  ; fplendid  thofe  in  liquid  gold  : 
And  fpeak  their  fovereign’s  ftate.  He  comes, 
behold ! 

Fountain  of  light  and  colour,  warmth  and  life! 
The  king  of  glory  ! 

Mallet. 

Charles.  Arc  we  to  undeiftand 
that  all  colours  depend  on  the  re- 
flc6lion  of  the  feveral  coloured  rays 
of  lio'ht  ? 

O 

Tutor.  This  fcenis  to  have  been 
the  opinion  of  Sir  Ifaac  Newton  ; but 
he  concluded  from  various  experi- 
ments on  this  fubjeci,  that  every  fub- 
ftaiicc  in  nature,  ^provided  it  be  re- 
duced to  a proper  degree  of  thinnefs, 
is  tranfparent.  INIany  tranfparent 
media  reflect  one  colour,  and  tranf- 
mit  another:  gold-leaf  reflects  the 
yellow,  but  it  tranfinits  a fort  of  green 
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colour  by  holding  it  up  againft  a 
itrong  light. 

Mr.  Dclaval,  a gentleman  wlio  a 
few  years  fince  made  many  experi- 
ments to  afeertain  how  colours  are 
produced,  undertakes  to  diow  that 
tiiey  are  exhibited  by  tranfmitted 
light  alone,  and  noc  by  reflected 
light. 

James.  I do  not  fee  how  that  can 
be  the  cafe  with  bodies  that  are  not 
tranfparent. 

Tutor.  He  infers,  from  his  ex- 
periments which  you  may  hereafter 
examine  for  yourfelves,  that  the  ori- 
ginal fibres  of  all  fubliances,  when 
cleared  of  heterogeneous  matters,  are 
perfedly  white,  and  that  the  rays  of 
light  are  refleaed  from  thefe  white 
particles  through  the. colouring  inat-> 

VOL.  V*  K 
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ter  wltli  which  they  are  covered,  and 
that  this  colouring  matter  ferves  to 
intercept  certain  rays  in  their  paflage 
througli  it,  while  a free  paflage  being 
left  to  others,  they  v/ill  exhibit,  ac- 
cording to  thcfe  circiiinftances,  dif- 
ferent colours. — The  red  colour  of 
the  fliells  of  lobfters  after  boiling,  he 
fays,  is  only  a fupcrflcial  covering 
fpread  over  the  white  calcareous 
earth  of  which  the  fliells  are  com- 
pofcd,  and  may  be  removed  by  fcrap- 
ing  or  filing.  Before  the  application 
of  heat  it  is  fo  thick  as  to  appear 
black,  being  too  thick  to  admit  the 
paflage  of  light  to  the  fhell  and  b?ck 
again.  The  cafe  is  the  fame  with 
feathers,  which  owe  their  colours  to 
a thin  layer  of  tranfparent  matter  on 
a white  grouml. 


CONVERSATION  X. 


JleJieBed  Light,  and  plain  Mirrors^ 

\ 

- TUTOR.  We  come  now  to  treat 
of  a different  fpecies  of  glaffes,  viz. 
of  mirrors,  or,  as  they  are  fometimes 
culled,  fpecLda. 

James.  A looking-glafs  is  a mir-. 
ror,  is  it  not? 

Tutor.  Mirrors  are  made  of  glafs, 
filvered  on  one  fide ; they,  are  alfo 
made  of  highly  polifhed  metal.  There 
are  three  kinds  of  mirrors,  the plctin, 
the  conve.r,  and  the  concave. 
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Charles.  You  have  fliown  us  that 
ill  a looking-glais  or  plain  mirror, 
“ The  angle  of  refledion  is  always 
“ equal  to  the  angle  of  incidence 

Tutor.  This  rule  is  not  only  ap- 
plicable to  plain  mirrors,  but  to  thofe 
which  are  convex  and  concave  alfo, 
as  I iliall  lliow  you  to-morrow.  But 
I wilh  to  make  fome  obfervations 
lirft  on  plain  mirrors.  In  the  fiift 
place  if  you  wifli  to  fee  the  complete 
image  of  yourfelf  in  a plain  mirror  or 
looking-glafs,  it  muft  be  half  as  long 
as  you  are  high, 

James.  I lliould  have  imagined 
the  glafs  muft  have  been  as  long  as 
I am  high. 

Tutor.  In  looking  at  your  image 
in  the  glafs,  does  it  not  feem  to  be  as 


* See  p.  1 8, 
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far  behind  the  glafs  as  you  ftand  be- 
fore it? 

James.  Yes : arid  if  I move  for- 
wards or  backwards,  the  image  be* 
liind  the  glafs  feems  to  approach  or 
recede. 

Tutor.  Let  a b (Plate  ii,  Fig.  15.) 
be  the  looking-glals,  and  a the 
fpcclator,  {landing  oppohte  to  it. 
The  ray  from  his  eye  will  be  refledled 
in  the  fame  line  a but  the  ray 
c b flowing  from  his  foot,  in  order  to 
be  feen  at  the  eye,  mull  be  refleded 
by  the  line  b a.  ' 

Charles.  So  it  will,  for  if  .v  b be 
a line  perpendicular  to  the  glafs,  the 
incident  angle  will  he  c b .r,  equal  to 
the  refledled  angle  a b .r. 

Tutor.  And  therefore  the  foot  will 
appear  behind  the  glafs  at  p along 
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the  line  a ^ d,  becaufe  that  is  the  line 
in  which  the  ray  laft  approaches  the 
eye. 

James,  Is  that  part  of  the  glafs 
a b intercepted  by  the  lines  a b and 
A D,  equal  exadtly  to  half  the  lengtii 
B D,  or  A c ? 

Tidor.  It  is ; ^ a b and  a b d may 
be  fuppofed  to  form  two  triangles, 
the  fides  of  which  alwavs  l)ear  a fixed 
proportion  to  one  another;  and  if 
A B is  double  of  a a,  as,  in  this  cafe 
it  is,  B D will  be  double  of  a b,  or  at 
Icaft  of  that  part  of  the  glafs  inter- 
cepted by  A B and  ad. 

Charles.  This  will  hold  true,  I 
fee,  hand  at  what  dillance  we  pleafe 
from  the  glafs. 

Tutor.  If  you  walk  towards  a 
lopking-glafs  your  image  will-  ap- 
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proach,  but  witli  a double  velocity, 
becaufe  the  two  motions  are  equal 
and  contiary.  But  if  while  you 
Hand  before  a looking-glafs,  your 
brother  walk  up  to  you  from  behind, 
})is  image  will  appear  to  you  to  move 
at  tlie  fame  rate  as  he  walks,  but  to 
him  the  velocity  of  the  image  will 
ajjpear  to  be  double  ; for  with  regard 
to  you,  tiicre  will  be  but  one  motion, 
but  with  regard  to  liim,  there  will  be 
two  ecjual  and  contrary  ones. 

James.  If  1 look  at  the  reflexion 
of  a ciindle  in  a looking-glafs,  I fee 
in  fadt  two  images,  one  much  fainter 
than  the  other,  what  is  the  reafon 
oftiiis? 

Tutor.  The  fame  may  be  obferved 
of  any  objeA  that  is  ftrongly  illumi- 
nateil,  and  the  reafon  of  the  double 
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image  is,  that  a part  of  the  rays  arc 
immediately  rcfledied  from  tlic  upper 
furface  of  the  glafs  which  form  the 
faint  image,  while  the  greater  part  of 
them  are  refledled  from  the  farther 
furface,  or  filvering  part,  and  form 
the  vivid  image.  To  fee  thefe  two 
images  you  miift  hand  a little  fide- 
ways,  and  not  diredlly  before  the 
glafs. 

Charles.  What  is  meant  by  the 
^xpreffion  of  “ An  image  being 
■formed  behind  a rcfleftor?” 

Tutor.  It  is  intended  to  denote 
that  tlie  reOedled  rays  come  to  the 
•eye  witl;  the  fame  inclination  as  if 
the  pbjed  itfelf  were  actually  behind 
the  refledlor.  If  you,  (landing  on 
one  fide  of  the  room,  iee  the  image 
gf  your  brother,  who  is  on  the  otlief 


4 


OF  PLAfX  MlllflOUS. 


105 

fitlt',  in  tlic  looking— in^ao’^ 

fi’cms  to  i)e  Ibrnicd  beiiind  the  jrlaf'j 
that  is,  tlic  rays  come  to  your  eye 
precilely  in  the  lame  way,  as  they 
would,  if  your  brother  himfelf  flood 
in  that  place,  without  the  interven- 
tion of  a glafs. 

James.  But  the  image  in  the  fflafs 
is  not  fo  bright  or  vivid . as  the 
objedl. 

Tutor.  A plane  miri-or  is  in  theory 

%/ 

fuppofed  to  reflea:  all  the  light  which 
falls  upon  it,  but  in  praaice  nearly 
half  the  light  is  left  on  account  of 
the  inaccuracy  of  the  polilh,  &c.  ; 

Charles.  Has  it  not  been  faid, 
that  Archimedes,  at  the  liege  of 
Syracufe,  burnt  the  Ihips  of  Marcel- 
lus  by  a machine  compoled  of  mir- 
rors ? 


106’ 


OPTICS. 


Tutor.  Yes:  but  we  have  no  ccr-- 
taiii  accounts  that  may  be  implicitly 
relied  on.  M.  Buffon,  about  fifty  of 
lixty  years  ago,  burnt  a plank  at  the 
di (lance  of  feventy  feet  with  forty 
plane  mirrors. 

James.  I do  not  fee  how  they 

V 

can  aCl  as  burning  glades  ? 

Tutor.  A plain  mirror  refledls  the 
light,  and  heat  coming  from  the 
fun,  and  will  illuminate  and  heat 
any  fubftance  on  which  they  arc 
thrown  in  the  fame  manner  as  if  the 
fun  (hone  upon  it.  Two  mirrors  will' 
reflect  on  it  a double  quantity  of 
heat ; and  if  40  or  100  mirrors  could 
be  fo  placed  as  to  reflcc't  (Vom  each 
the  heat  coming  from  the  fun,  op 
any  particular  fubftuiice,  they  would 
iucreafe  the  heat  40  or  100  times. 


tONVERSATiON  XI. 


Of  Concave  Mirrors — their  Ufes — 
huw  they  ad:. 

JAMES.  To  vv^hat  ufes  are  con- 
cave mirrors  applied  ? 

Tutor.  They  are  chiefly  ufed  in 
reflecting  telefcopes  : that  is,  in  tele- 
fcopes  adapted  to  viewing  the  heaven- 
ly bodies.  And  as  you  like  to  look 
at  Jupiter’s  little  moons  and  Saturn's 
ring  through  my  telefcope,  it  may 
be  worth  your  while  to  take  fome 
pains  to  know  by  what  means  this 
pleafure  is  afforded  you. 
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Charles.  I fliall  not  objccl  to  any 
attention  necefiltry  to  coinprelicnd 
how  thefe  inftriiments  are  formed. 

Tutor.  A B (Plate  ii.  Fig.  Id.)  ' 
reprefents  a concave  mirror,  and  a 
c^d,  ef\  three  parallel  rays  of  light 
falling  upon  it.  c is  tlie  center  of 
concavity,  that  is,  one  leg  of  your 
compalics  being  placed  on  c,  and 
then  open  them  to  the  length  c r/, 
and  the  other  Icii:  will  touch  the 
mirror  a b in  all  its  parts. 

. James.  Then  all  the  lines  drawn 
from  c to  the  glafs  will  be  eijual  to 
one  another,  as  c Z>,  c r/,  and  c 
Tutor.  They  will : and  tiiere  is 

V 

another  property  belonging  to  them  ; 
they  are  all  perpendicular  to  the  gUd's 
in  the  parts  where  they  touch. 
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Charles.  That  is  c 3,  and  c f are 
perpendicular  to  theglals  at  b and  f] 
as  well  as  c d tlI  d. 

• Tutor.  Yes,  they  are : — c d is  an 
incident  ray,  but  as  it  palTes  through 
the  center  of  concavity,  it  will  be 
reflected  back  in  the  fame  line,  that 
is,  as  it  makes  no  angle  of  incidence, 
fo  there  Avill  be  no  angle  of  reflection  : 
a b \s  an  incident  ray,  and  I want  to 
know  what  will  be  the  direction  of 
the  reflected  ray  ? 

Charles.  Since  c ^ is  perpendi- 
cular to  the  glafs  at  b,  the  angle  of 
incidence  is  ^ c : and  as  the  angle 
of  reflection  is  always  equal  to  the 
angle  of  incidence,  I muft  make  an- 
other angle,  <isc  b m equal  to  a be*, 

* To  make  an  angle  c i m,  equal  to  another 
given  one,  as  a ^ c.  From  6,  a«  a center  with 
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and  then  the  line  b m is  that  in  which 
the  incident  ray  will  move  after  re- 
flexion. 

Tutor.  Can  you,  James,  tell  me 
how  to  find  the  line  in  which  the  in- 
cident ray  e f will  move  after  re- 
fleXion  ? 

James.  Yes:  I will  make  the 
angle  cjT  m equal  to  c f e,  and  the 
liney  771  will  be  that  in  which  tlie  re- 
fleXed  ray  will  move ; therefore  e f is 
refleXed  to  the  fame  point  m n's  a b 
was. 

Tutor.  If,  inftead  of  two  incident 
rays,  any  number  were  drawn  paral- 

any  radius  b Xy  defer ibe  the  arc  x Oy  which 
will  cut  c i in  *,  take  the  diftance  a-  a in  youf 
compafles,  and  fet  off  with  it  z o,  and  then  draw 
the  line  i o m,  and  the  angle  m ^ c is  equal  to 
the  angle  a b c. 


FOCI’S  OF  PARALLEL  IIA^S.  Ill 

lei  to  c d,  they  would  every  one  be 
reflei51ed  to  tlie  fame  point  m ; and 
that  point  which  is  called  the  focus 
of  paralld  rays  is  diftant  from  the 
mirror  equal  to  half  the  radius  c d, 

James.  Then  we  may  eafily  find 
the  point  without  the  trouble  of 
drawing  tlie  angles,  merely  by  divid- 
ing the  radius  of  concavity  into  two 
equal  parts. 

Tutor.  You  may. — The  rays,  as 
we  have  already  obferved,  which  pro- 
ceed from  any  point  of  a celefiial 
pbjeft,  may  be  efteemed  parallel  at 
the  earth,  and  therefore  the  image 
of  that  point  will  be  formed  at  m. 

Charles.  Do  you  mean  that  all 
the  rays  flowing  ‘from  a point  of  a 
fiar,  and  falling  upon  fuch  a mirror, 
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M'ill  be  ref]c<5lccl  to  the  point  w,  where 
the  image  of  the  ftar  will  appear? 

Tutor.  I do,  if  tliere  be  any  thing 
at  the  point  m to  receive  the  image. 

James.  W'ill  not  the  fame  rule 
hold  with  regard  to  terreftrial  ob- 
jedls?  '■ 

Tutor.  No:  for  the  ravs  which 
proceed  from  any  terreftrial  objedt, 
however  remote,  cannot  be  efteemed 
ftri6ll3^  parallel,  they  therefore  come 
diver giug ; and  will  not  be  converged 
to  a Jingle  point,  at  the  diftance  of 
half  the  radius  of  the  mirror’s  con- 
cavity from  the  refledting  furface ; 
but  in  feparate  points,  at  a little 
'greater  diftance  from  the  mirror  than 
half  the  radius. 

Charles.  Can  you  explain  this  by 
a figure  ? 
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Tutor.  I will  endeavour  to  do  fo. 
Let  A B (Plate  ii.  Fig.  17.)  be  a 
concave  mirror,  and  m e any  remote 
objetl,  from  every  part  of  which  rays 
will  proceed  to  every  point  of  the 
mirror : that  is,  from  the  point  M 
rays  will  flow  to  every  point  of  the 
mirror,  and  fo  they  will  from  e,  and 
from  every  point  between  thefe  ex- 
tremities. Let  us  fee  where  the  rays 
that  proceed  from  m to  a,  c,  and  b 
^yill  be  refledied,  or  in  other  words 
where  the  image  of  the  point  m will 
be  formed. 

James.  Will  all  the  I’ays  that  pro- 
ceed from  M,  to  dhferent  parts  of  the 
glafs,  be  refledted  to  a fmgle  point  ? 

Tutor.  Yes,  they  will,  and  the 
difficulty  is  to  find  that  point : I will 
take  only  three  rays  to  prevent  con- 
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fufion;  viz.  M A,  M c,  M B ; and  c is 
the  center  of  concavity  of  the  glafs. 

Charles.  Then  if  I draw  c a,  that 
line  will  be  perpendicular  to  the  glafs 
at  the  point  a ; the  angle  m a c is 
now  given,  and  it  is  the  angle  of 
‘ incidence. 

James.  And  you  muft  make  an- 
other equal  to  it  as  you  did  before. 

Tutor.  Very  well : make  c a .v 
equal  to  M A c,  and  extend  the  line 
A .r  to  any  length  you  pleafe. 

Now  you  have  an  angle  m c c made 
with  the  ray  m c and  the  perpendi- 
cular c c,  which  is  another  angle  of 
incidence. 

Cfutrles.  I will  make  the  angle 
of  reflection  c c z equal  to  it,  and  the 
line  c ;s:  being  produced,  cuts  the  line 
A .r  in  a particular  point,  M’hich  I 
will  call  w, 
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Tutor.  Draw  now  the  perpendi- 
cular c B,  and  you  have  with  it,  and 
the  ray  m b,  the  angle  of  incidence 
M B c : make  another  angle  equal  to 
it,  as  its  angle  of  refledlion. 

James.  There  it  is  c b and  I 
find  the  line  b u meets  the  other  lines 
at  the  point  m. 

Tutor.  Then  m is  the  point  in 
which  all  the  reflected  rays  of  m will 
converge ; of  courfe  the  image  of  the 
extremity  m of  the  arrow  e m will  be 
formed  at  m.  Now  the  fame  might 
be  fhewn  of  every  other  part  of  the 
objedl  M E,  tlie  image  of  which  will 
be  reprefented  by  e m,  which  you  fee 
is  at  a greater  diftance  from  the  glafs 
than  half  c c or  radius. 

Charles.  The  image  is  inverted 
alfo,  and  lefs  than  the  object, 
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• CONVERSATION  XII. 


Of  Concccvt  Mirrors^  and  Experi- 
ments on  them. 

TUTOR.  If  you  uiKlei  ftand  what 
we  converfecl  on  yefterday,  and  what 
you  have  yourfelves  done,  you  will 
eafily  fee  how  the  image  is  formed 
by  the  large  concave  mirror  of  the  re- 
fle^ling  telefeope  when  we  come  to 
examine  the  conftruftion  of  tliat  in- 
llrument : — In  a concave  mirror  the 
image  is  kfs  than  the  objeft,  when 
the  objedt  is  more  remote  from  thp 
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mirror  than  c,  the  centre  of  con- 
cavity, and  in  tliat  cafe  the  image  is 
between  tlie  obje6l  and  mirror. 

James.  Suppole  the  obje6l  be 
placed  in  the  centre  c ? 

Tutor.  Then  the  image  and  ob- 
jc(T  will  coincide : — and  if  the  obje6l 
is  placed  nearer  to  the  glafs  than  the 
centre  c,  then  the  image  will  be 
more  remote,  and  bigger  than  the 
obje6f. 

Charles.  I diould  like  to  fee  this 
illuftrated  by  an  experiment. 

Tutor.  Well,  here  is  a large  con- 
cave mirror  : place  yourfeif  before  it, 
beyond  the  centre  of  the  concavity  j 
and  with  a little  care  in  adjufting 
your  pofition,  you  will  fee  an  invert- 
ed image  of  yourfeif  in  the  air  be- 
tween you  and  the  mirror,  and  of  a 
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lefs  fize  than  you  are.  When  you 
fee  'the  image,  extend  your  hand 
gently  towards  the  glafs,  and  the 
hand  of  the  image  will  advance  to 
meet  it  till  they  both  meet  in  the 
centre  of  the  glafs’s  concavity.  If 
you  carry  your  hand  ftill  farther,  the  , 
hand  of  the  image  will  pafs  by  it, 
and  come  between  it  and  the  body  ; 
now  move  your  hand  to  either  fide, 
and  the  image  of  it  will  move  to- 
wards the  other. 

James.  Is  there  any  rule  for  find- 
ing the  diftancc  at  which  the  image 
of  an  obje6l  is  formed  from  the 
mirror  ? 

Tutor,  If  you  know  the  radius  of 
the  mirror’s  concavity,  and  alfo  the 
diftance  of  the  obje6l  from  the 
glafs,. > ^ 
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Multiply  the  tliftance  and  radius 
together,  and  divide  the  produd  by 
double  the  diftance  lefs  by  the  radius, 
and  the  quotient  is  the  diftance  re- 
quired.” 

Tell  me  at  what  diftance  the  imao-e 
of  an  objed  will  be,  fuppofe  the 
radius  of  the  concavity  of  the  mirror 
be  12  inches,  and  the  objed  be  at 
18  inches  from  it. 

James.  I multiply  18  by  12,  which 
is  equal  216  ; this  I divide  by  double 
18  or  3f)  lefs  by  12,  that  is  24;  but 
2l6  divided  by  24  gives  ft,  which  is 
the  number  of  inches  required. 

Tutor.  You  may  vary  this  ex- 
ample in  order  to  imprefs  the  rule  on 
your  memory ; and  I will  ftiew  you 
another  experiment.  I take  this  bot- 
tle partly  full  of  water,  and  corked, 
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and  place  it  oppofite  the  concave 
mirror,  and  beyond  the  locus,  that 
it  may  appear  'to  be  reverfed ; now 
ftand  a little  farther  diftant  than  the 
bottle,  and  you  will  fee  the  bottle  in-  > 
verted  in  the  air,  and  the  water 
'which  is  in  the  lower  part  of  the  bot- 
tle will  appear  to  be  in  the  upper. — 

I will  invert  the  bottle,  and  uncork 
it,  and  whilft  the  water  is  running 
out  the  image  will  appear  to  be  fill- 
ing, but  when  the  bottle  is  einpty 
the  illufion  is  at  an  end. 

Charles.  Are  concave  mirrors  ever 
ufed  as  burning-glafles  ? 

Tutor.  Since  it  is  the  property  of 
thefe  mirrors  to  caufe  parallel  rays  to 
converge  to  a focus,  and  fince  the 
rays  of  the  fun  are  confidered  as 
parallel,  they  are  very  ufeful  as  burn- 
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ing-glaffes,  and  the'  principal  focus 
is  the  burning*  point. 

James.  Is  the  image  formed  by  a 
concave  mirror  always  before  it  ? 

Tutor.  In  all  cafes,  except  when 
the  obje6l  is  nearer  to  the  mirror  than 
the  principal  focus. 

Charles.  Is  the  image  then  be- 
hind the  mirror  r 

Tutor.  It  is  ; and  farther  behind 
the  mirror  than  the  obje6f  is  before 
it.  Let  A c (Plate  in.  Fig.  18.)  be 
a mirror,  and  x z the  object  between 
the  centre  k of  the  glafs,  and  tlic 
glafs  itfelf ; and  the  image  xi/:z  will 
be  behind  the  glafs,  ere6l,  curved, 
and  magnified,  and  of  courfe  the 
image  is  farther  behind  the  glafs  than 
the  object  is  before  it. 

jvr 
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James.  What  would  be  the  effect 
if  inftead  of  an  opake  objedl  a:  z;  a 
luminous  one,  as  a candle,  were 
placed  in  the  focus  of  a concave 
mirror  ? 

Tutor.  It  would  ftrongly  illumi- 
nate a fpace  of  the  fame  dimenfion 
as  the  mirror  to  a great  diftance ; 
and  if  the  candle  were  ftill  nearer  the 
mirror  than  the  focus,  its  raj^s  will 
enlighten  a larger  fpace.  Hence  you 
may  underfland  the  conftru6lion  of 
many  of  the  lamps  which  are  now  to 
be  feen  in  many  parts  of  London, 
and  which  are  undoubtedly  a great 
improvement  in  lighting  the  ftreets. 


CONVERSATION  XIII. 


Of  Conc(Tce  and  Con'vex  Mirrors, 

TUTOR.  We  fiiall  devote  an- 
other morning  or  two  to  the  fubjeft 
of  reflection  from  mirrors  of  different 
kinds. 

Charles,  You  have  not  faid  any 
thing  about  convex  mirrors,  and  yet 
•they  are  now  very  much  in  fafliioii 
^ in  handfome  drawing-rooms : I re- 
member feeing  one  when  I was  af 
uncle’s  at  Briftol,  in  which  the  image 
was  very  much  lefs  than  the  objeft. 
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Tutor.  A convex  mirror  is  an 
ornamental  piece  of  furniture,  efpe- 
cially  if  it  can  be  placed  before  a 
window,  either  with  a good  prof{)c6t, 
or  where  there  are  a number  of  per- 
fons  paffing  and  repaffing  in  their  dif- 
ferent employments.  The  images  re- 
flected from  thefe  are  fmaller  than 
the  objects,  ereCt,  and  behind  the 
furface,  therefore  a landfcape  or  a 
bufy  feene,  delineated  on  one  of 
them,  is  always  a beautiful  objeCl  to 
the  eye.  For  the  fame  reafon  a glafs 
of  this  kind  in  a room  in  which  large 
affemblics  meet,  forms  an  extremely 
intereftiiig  picture.  You  may  eafdy 
conceive  how  tlie  convex  mirror  di-> 
miniilies  objeCts,  or  the  images  of 
objeCls,  by  conlidering  in  what  man- 
per  they  are  magnified  by  the  coi> 
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cave  mirror.  If  x y z (Fig.  j 8. ) were 
a ftraight  ol)je6l  before  a convex  mirror 
A c,  the  image  by  refledion  would  be 
xy. 

James,  Would  it  not  appear  curved  ? 

Tutor.  Certainly : for  if  the  ob- 
je6t  be  a right  line,  or  a plain  fur- 
face,  its  image  mufl  be  curved,  be- 
caufe  the  different  points  of  the 
obje6l  are  not  equally  diftant  from 
the  retledtor.  In  fad!,  the  images 
formed  by  convex  mirrors,  if  ac- 
curately compared  \vith  the  objects, 
are  never  exa6.ly  of  the  true  fliape. 

Charles.  I do  not  quite  compre- 
hend in  what  manner  reflection  takes 
place  at  a convex  mirror. 

Tutor.  I will  endeavour  by  a 
figure  to  make  it  plain : c d (Plate  iii. 
Fig.  19.)  reprefents  a convex  mirror 
M 3 
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ftandiiig  at  the  end  of  a room,  be- 
fore which  the  arrow  a b is  placed 
on  one  fide,  or  obliquely;  where 
muft  the  fpedator  ftand  to  fee  the 
retlecled  image?  ' 

Charles.  On  the  other  fide  of  the 
room. 

Tutor.  The  eye  e will  reprefent 
that  fituation  : — the  rays  from  the 
external  parts  of  the  arrow  a and  b 
flow  converg-ingly  along  a a and  b 
and  if  no  glafs  were  in  the  way  they 
would  meet  at  f ; but  the  glafs  re- 
flects the  ray  a a along  a e,  and  the 
ray  b b along  b t; ; and  as  we  always 
transfer  the  image  of  an  object  in 
that  dii'cCtion  in  which  the  rays  ap- 
proach the  eye,  we  fee  the  image  of 
A alon^'  the  line  e a behind  the 
glafs,  and  the  image  of  b along  e 
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and,  of  courfe,  the  image  of  the 
whole  arrow  is  at  s. 

By  means  of  a fimilar  diagram  I 
will  fliew  you  more  clearly  the  prin- 
ciple of  the  concave  mirror.  Suppofe 
an  object  e (Plate  in.  Fig.  20.)  be- 
yond the  focus  F,  and  the  fpeftator 
to  ftand  at  z,  tlie  ravs  e b and  e d 
are  refledled,  and  where  tliey  meet 
in  E the  fpedator  will  fee  the  image. 

James.  That  is  between  himfelf 
and  the  image. 

Tutor.  He  muft,  however,  be  far 
enougli  from  it  to  receive  the  rays 
after  they  have  diverged  from  e, 
becaufe  every  enlightened  point  of 
an  object  becomes  vifible  only  by 
means  of  a cone  of  diverging  rays 
’ from  it,  and  we  ceafe  to  fee  it  if  the 
rays  become  parallel  or  converging.  . 
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Charles.  Is  the  image  inverted? 

Tutor.  Certainly,  becaufe  the 
rays  have  eroifed  before  they  reach 
the  eye. 

You  may  fe^  this  fubje6t  in  another 
point  of  view:  Lei  .v y (Plate  iii. 
Fig.  21.)  be  a concave  mirror,  and 
o the  centre  of  concavity : divide 
o A equally  in  f,  and  take  the  half, 
the  third,  the  fourth,  &c.  of  f o, 
and  mark  thefe  divifions  t,  I,  &c. 
Let  AO  be  extended,  and  parts- be 
taken  in  it  equal  to  f o,  at  2,  3,  4,  &c. 
Now  if  any  of  the  points  1,  2,  3,  4, 
&c.  be  the  focus  of  incident  rays, 
the  correfpondent  points  1,  f,  -J, 
&c.  in  o F will  be  the  focus  of  the 
refledted  rays,  and  vice  verfa. 

James.  Do  you  mean  by  that,  if 
incident  rays  be  at  i or  f,  or  the 
refledled  rays  will  be  at  2,  3,  4. 
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Tutor.  I do  : place  a candle  at  2, 
and  an  inverted  image  will  be  feen  at 
f : now*  place  it  at  4,  and  it  will  alfo 
move  back  to  f ; thefe  images  may 
be  taken  on  paper  held  in  thofe  re- 
fpe6tive  places. 

Charles.  I fee  the  farther  you 
proceed  one  way  with  the  candle, 
tlie  nearer  its  inverted  image  comes  ' 
to  the  point  f. 

Tutor.  True:  and  it  never  gets 
beyond  it,  for  that  is  the  focus  of 
.parallel  rays  after  reflection,  or  of 
rays  that  come  from  an  infinite  dif- 
tance. 

James.  Suppofe  the  candle  were 
'at  o ? 

Tutor.  Then  the  objeCt  and  image 
w'ill  coincide : and  as  the  image  of 
an  objed  between  f,  and  a concave 


130 


OPTICS. 


fpeculum,  is  on  the  other  fide  of  the 
fpeculum,  this*  experiment  of  the 
candle  and  paper  cannot  be  made. 

I Mdll  now  juft  mention  an’ experi- 
ment that  we  may  hereafter  make. 
At  one  end  of  an  oblong  box,  about 
two  feet  long,  and  fifteen  inches 
wide,  is  to  be  placed  a concave  mir- 
ror ; near  the  upper  part  of  the  op- 
pofite  end  a hole  is  made,  and  about 
the  middle  of  the  box  is  placed  a hol- 
low frame  of  pafteboard  that  confines 
the  view  of  the  mirror.  The  top  of 
the  box  next  the  end  in  which  the 
hole  is  made  is  covered  with  a glafs, 
but  the  other  half  is  darkened.  Un* 
der  the  hole  are  placed  in  fuccelfion 
different  pictures,  properly  painted, 
which  are  thrown  into  perfpe6live  by 
the  mirror,  and  produce  a beautiful 
appearance. 


CONVERSATION  XIV. 


Of  Convex  Reflexion — Of  Optical 
Delujions — Of  Anamorphofcs. 

CHARLES.  You  cannot,  I fee, 
make  the  fame  experiment  with  the 
candle,  and  a convex  mirror,  that 
you  made  yefterday  with  the  con- 
cave one. 

Tutor.  Certainly,  becaufe  the 
image  I is  formed  behind  the  giafs; 
but  it  may,  perhaps,  be  worth  our 
•while  to  confider  how  the  effed  lis 
1 
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produced  in  a mirror  of  this  kind. 
Let  a h (Plate  iii.  Fig.  22.)  repre- 
fent  a convex  mirror,  and  a/  be 
half  the  radius  of  convexity,  and 
take  A F,  F o,  o b,  &c.  each  equal 
A f If  incident  rays  flow  from  2, 
the  retledled  rays  will  appear  to  come 
from  behind  the  glafs  at  t. 

James.  Do  voii  mean  if  a candle 
%/ 

be  placed  at  2,  the  image  of  it  will 
appear  to  be  formed  at  f behind  the 
glafs  ? 

Tutor.  1 do  : and  if  that,  or  any 
other  objc6f,  be  carried  to  3,  4,  &c. 
the  image  will  all'o  go  backward  to 

i &c 

3?  45 

Charles.  Then,  as  a perfon  walks 
towards  a convex  fpherical  reflefdor, 

• the  image  appears  to  walk  towards 
him,  conftantly  iucreafing  in  magui- 
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tilde  till  they  touch  each  other  at  the 
fiirtace. 

Tutor.  You  will  obfcrve  that  tlie 
image,  liowever  diftant  the  objeft, 
is  never  farther  off  than  at  /; , that 
is  the  imaginary  focus  of  parallel 

ravs. 

«/ 

James.  The  difference  then  be- 
tween convex  and  concave  refledors 
is,  that  the  point f in  the  former  is 
behind  the  glafs,  and  in  the  latter  it 
is  before  the  glafs  as  f. 

Tutor.  Julf  fo  : from  the  property 
of  diminilhing  objects,  fpherical  Vc- 
flccfors  are  not  only  pleafing  orna- 
ments for  our  beft  rooms,  but  are 
much  ufed  by  all  lovers  of  pifturefipie 
fecnery.  “ Small  convex  rcfleclors,  ” 
fays  Dr.  Gregory,  “ are  made  for  the 
ufe  of  travellers,  wlio,  when  fatigued 
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by  (Iretching  the  eye  to  Alps  towering 
on  Alps,  can  by  their  mirror  bring 
thefe  fublime  objects  into  a narrow 
compafs,  and  gratify  the  fight  by 
pidlures  which  the  art  of  man  in 
vain  attempts  to  imitate*.” 

Concave  mirrors  have  been  ufed 
for  many  other  and  different  pur- 
pofes,  for  by  them,  with  a little  in- 
genuity, a thoufand  illiifions  may  be 
pra6lifed  on  the  ignorant  and  credu- 
lous. 

Charles.  I remember  going  with 
you  to  fee  an  exhibition  in  Bond- 
ftreet,  which  you  faid  depended  on 
a concave  mirror ; I was  defired  to 
look  into  a glafs,  I did  fo,  and  dart- 
ed back,  for  I thought  the  point  of  a 

* See  Economy  of  Nature,  vol,  i,  p.  26, 
2d  edition. 
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dagger'woulcl  have  been  in  my  face. 
I looked  again,  and  a death’s  head 
fnapped  at  me;  and  then  I faw  a 
moft  beautiful  nofe^av,  which  I 
widied  to  grafp,  but  it  vanilhed  in 
an  inftant. 

Tutor,  I will  explain  how  thefe 
deceptions  are  managed:  let  e f 
(Plate  iir.  Fig.  23.)  be  a concave 
mirror,  10  or  12  inches  in  diameter, 
placed  in  one  room ; a b the  wain- 
fcot  that  feparates  the  fpeftator  fi  om 
it,  but  in  this  there  is  a fquare  or 
circular  opening  which  faces  the  mir- 
ror exa6lly.  Anofegay,  for  inftance, 
is  inverted  at  c,  which  mud  be 
flrongly  illuminated  by  means  of  an 
Argand’s  lamp  ; but  no  dired  light 
from  the  lamp  is  to  fall  on  the  mirror. 
n-2 
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. Now  a perfon  {landing  at  g will  lice 
an  image  of  the  nofegay  at  d. 

James.  What  is  to  make  it 
vanidi? 

Tutor.  In  exhibitions  of  this  kind 
there  is  always  a perfon  behind  the 
wainfeot  in  league  with  the  man 
that  attends  the  fpe61ator,  who  re- 
moves the  real  nofegay  upon  fome 
hint  underllood  between  them. 

Chai'les.  Was  it  then  upon  the 
man  behind  the  feene  that  the  ap- 
proaching fword,  and  the  advancing 
death’s  head,  &c.  depended? 

Tutor.  It  was  : and  perfons  have 
undertaken  to  exhibit  the  ghofts  of 
the  dead  by  contrivances  of  this  kind ; 
for  if  a drawing  of  the  deceafed  be 
placed  inftead  of  the  nofegay,  it 
may  be  done.  But  fuch  exhibitions 
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are  not  to  be  recommended,  and  in- 
deed ought  never  to  be  practifed, 
without  explaining  the  whole  pro- 
cels  to  the  allonilhed  fpeclator  after- 
wards. 

If  a large  concave  mirror  be 
placed  before  a blazing  lire,  fo  as  to 
refledl  the  image  of  the  lire  on  the 

o f 

flap  of  a bright  mahogany  table,  a 
fpe6tator  fuddenly  introduced  in  the 
room  will  fuppofe  the  fire  to  be  on  the 
table. 

If  two  large  concave  mirrors  a 
and  B (Plate  in.  Fig.  24.)  be  placed 
oppofite  each  other  at  the  diftaiice  of 
feveral  feet,  and  red  Iiot  charcoal  be 
put  in  the  focus  d,  and  fome  gun- 
powder in  the  other  focus  c,  it  will 
prefently  take  fire.  The  ufe  of  a ^ 
pair  of  bellows  may  be  neceflary  to  \ 
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make  the  charcoal  burn  ftrongly. — ■ 
This  experiment  may  be  varied  by 
placing  a thermometer  in  one  focus, 
and  lighted  charcoal  in  the  other, 
and  it  will  be  feen  that  the  quick- 
filver  in  the  thermometer  will  rife  as 
the  fire  increafes,  thougli  another 
thermometer  at  the  fame  dlllance 
from  the  fire,  but  not  in  the  focus  of 
tlie  glafs,  will  not  be  affected  by  it. 

James.  I have  feeii  concave  glaffes 
in  which  my  face  has  been  rendered 
as  long  as  my  arm,  or  as  broad  as 
my  body,  how  are  thefc  made  ? 

Tutor.  Thefe  images  are  called 
anamorphofes,  and  are  produced  from 
cylindrical  concave  min-ors ; and  as 
the  mirror  is  ])laced  either  upright, 
or  on  its fulc,  the  image  of  the  pidure 
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is  diftorted  into  a very  loii^  or  very 
broad  iniasre. 

Ileflefting  furfaces  may  be  made 
of  various  lliapes,  and  if  a regular 
figure  be  placed  before  an  irregular 
refleflor,  the  image  will  be  deform- 
ed ; but  if  an  object,  as  a pifture,  be 
painted  deformed,  according  to  cer- 
tain rules,  the  image  will  appear  re- 
gular. Such  figures  and  refleftors 
are  fold  by  opticians,  and  they  ferve 
to  aftonifli  thofe  who  are  ignorant  of 
thefe  fubjects. 
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CONVERSATION  XV. 


Of  the  differeiit  Parts  of  the  Eye. 

CHARLES.  Will  you  now  cle- 
fcribe  the  nature  and  conilruftion  of 
the  telefcope  ? 

Tutor.  I think  it  will  be  better 
firft  to  explain  the  feveral  parts  of 
the  eye,  and  the  nature  of  vilion  in 
the  hmple  date,  before  we  treat  of 
thofe  inftruments  which  are  deligned 
to  alhft  it 
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James.  I once  faw  a bullock’s 
eye  dillectecl,  and  was  told  that  it 
imitated  a human  eye  in  its  feveral 
parts. 

Tutor.  The  eye,  when  taken  from 
the  focket,  is  of  a globular  form,  and 
it  is  compofed  of  three  coats  or  fkins, 
and  three  other  fubftances  called 
humours.  This  figure  (Plate  irr. 
Fig.  2.5.)  reprefents  the  fedtionof  an 

eye,  that  is  an  eye  cut  down  the 
middle  ; and  Fig,  26.  the  front  view 
of  an  eye  as  it  appears  in  the  head. 

Charles.  Have  thefe  coats  and 
humours  all  different  names  ? 

Tutor.  Yes ; the  external  coat, 
which  is  reprefented  by  the  outer, 
circle  a b c d e,  is  called  the  fcelero- 
tka : the  front  part  of  this,  namely, 

exp,  is  perfectly  tranfparent,  and 
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is  called  the  cornea ; beyond  this,  to- 
wards B and  E,  it  is  white,  and  called 
the  white  of  the  eye.  The  next  coat, 
which  is  reprefented  by  the  fecond 
circle,  is  called  the  choroides. 

James.  This  circle  does  not  go 
all  round. 

Tutor,  No : the  vacant  fpace  a h 
is  that  which  we  call  the  pupil,  and 
through  this  alone  the  light  is  allow- 
ed to  enter  the  eye. 

Charles.  What  do  you  call  that 
part  which  is  of  a beautiful  blue  in 
fome  perfons,  as  in  coufin  Lydia  ; and 
in  others  brown,  or  almoft  black  ? 

. * Tutor.  That,  as  a c,  b e,  is  part 
of  the  choroides,  and  is  called  the 
iris. 

Charles.  The  iris  is  fometimes 
much  larger  than  it  is  at  another. 
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Tutor,  It  is  compofed  of  a fort  of 
net  work,  which  contra6ls  or  expands 
according  to  the  force  of  the  light  in 
which  it  is  placed.  Let  James  ftand 
in  -a  dark  corner  for  two  or  three 
minutes  : — now  look  at  his  eyes. 

Charles.  The  iris  of  each  is  very 
fmall,  and  the  pupil  large. 

Tutor.  Now  let  him  look  fteadily 
pretty  clofe  to  the  candle. 

Charles.  The  iris  is  confidcrably 
enlarged,  and  the  pupil  of  the  eye 
is  but  a fmall  point  in  comparifon  of 
what  it  was  belbre. 

Tutor.  Did  you  never  feel  unealy 
after  fitting  fome  time  in  the  dark, 
when  candles  were  fuddenly  brought 
into  the  room  ? 

James.  Yes : I remember  laft  Fri- 
day evening  we  had  been  fitting  half 
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an  hour  almoft  in  the  dark  at  Mr. 
W ’s,  and  wlien  candles  were  in- 

troduced every  one  of  the  company 
complained  of  the  pain  whicii  the 
fudden  light  occafioned. 

Tutor.  By  fitting  fo  long  in  the 
dark  the  iris  was  contracted  very 
much,  ofcourfe  the  pupil  being  large 
more  lia:ht  was  admitted  than  it 
could  well  hear,  and  therefore  till 
time  was  allowed  for  tlie  iris  to  ad- 
juft  itfclf,  the  uneafinefs  would  be  felt. 

Charles.  What  do  vou  call  the 

%/ 

third  coat,  whicli,  from  the  figure, 
appears  to  be  ftill  lefs  than  the  cho- 
roid es  ? 

Tutor.  It  is  called  the  retina^  or 
net- work,'  which  ferves  to  receive  tlie 
images  of  objeCls  produced  by  the 
refraction  of  the  different  humours 
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of  the  eye,  and  painted,  as  it  were, 
on  the  furface. 

Charles.  Are  tlie  humours  of  the 
eye  intended  for  refra<5ling  the  rays 
of  light,  in  the  fame  manner  as  glals 
lenfes  ? 

Tutor.  They  are,  and  they  are 
called  the  vitreous,  the  cryflalline, 
and  the  aqueous  humours.  The  vi- 
treous humour  fills  up  all  the  fpace 
£ z,  at  the  back  of  the  eye ; it  is 
nearly  of  the  fubftance  of  melted 
glafs.  The  cryJialUne  is  reprefented 
by  d f,  in  the  lhape  of  a double  con- 
vex lens  : and  the  aqueous,  or  watery 
humour,  fills  up  all  that  part  of  the 
eye  between  the  cryftalline  Immour, 

' and  the  corner  c x d. 

James.  What  does  the  part  a at 
the  back  of  the  eye  reprefent  ? 
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Tutor.  It  is  the  optic  nerve,  which 
lerves  to  convey  to  the  brain  the  feii~ 
fations  produced  on  the  retina. 

Charles.  Does  the  retina  extend 
to  tlie  brain  ? 

Tutor.  It  does : and  we  diall, 
when  we  meet  next,  endeavour,,  to 
explain  the  office  of  thefe  humours 
in  affedling  vihon.  In  the  mean 
time,  I would  requefl  you  to  confider 
again  what  I liave  told  you  of  the 
difft^rent  parts  of  the  eye  ; and  exa- 
mine, at  the  fame  time,  both  fjo-ures: 

i ' ' o ^ 

viz.  25  and  2b. 

James.  M"e  will : but  vou  have 
faid  nothing  about  the  ufes  of  the 
eye-brows  and  eye-lalhcs. 

Tutor.  I intended  to  have  re- 
ferved  this  to  anotlier  opportiuiity  : 
but  I may  now  fay,  that  the  eye- 
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brows  defend  the  eve  from  too  ftrons 
a light ; and  tliey  prevent  the  eyes 
from  injuries  by  the  Aiding  of- fub- 
ftances.down  the  forehead  into  tliem. 

Tlie  eye-lids  acb  like  curtains  to 
cover  and  protecl;  the  eyes  during 
Aeep  : when  we  are  awake,  they  dif- 
fufe  a Auid  over  the  eye,  which  keeps 
it  clean  and  well  adapted  for  tranf- 
mitting  the  rays  of  light. 

The  eye-laAies,  in  a thoufand  in- 
ftances,  guard  the  eye  from  danger, 
and  protect  it  from  Aoating  duA  with 
which  the  atmofphere  abounds. 


o % 


CONVERSATION  XVI. 


Of  the  Eye,  and  the  Manner  of 
Vifion. 

CHARLES.  I do  not  under- 
Hand  what  you  meant,  when  you 
faid,  the  optic  nerve  ferved  to  con- 
vey to  the  brain  the  fenfations  pro- 
duced on  the  retina. 

Tutor.  Nor  do  I pretend  to  tell 
you  in  what  manner  the  image  of 
any  object  painted  on  the  retina  of 
“the  eye  is  calculated  to  convey  to 
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the  miiiti  an  idea  of  that  objedl : but 
I widi  to  iliow  you,  that  the  images 
of  the  various  objects  whicli  you  fee 
are  painted  on  the  retina.  Here  is  a 
bullock’s  eye,  from  the  back  part  of 
•which  I cut  away  the  three  coats,  but 
fo  as  to  leave  the  vitreous  humour  per- 
fect : I Avill  now  put  againft  the  vi- 
treous humour  a piece  of  white  pa- 
per, and  hold  the  eye  towards  the 
window ; what  do  you  fee  ? 

James.  The  figure  of  the  window 
is  drawn  upon  tlic  paper ; but  it  is 
inverted. 

Tutor.  Open  the  window,  and 
you  will  fee  the  trees  in  the  garden 
drawn  upon  it  in  the  fame  inverted 
ftate,  or  any  other  bright  objc6t  that 
is  prefcnted  to  it. 

o 3 
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Charles.  Does  the  paper,  in  this 
inftance,  reprefeut  tlie  innermoft  coat 
called  the  retina  ? 

' Tutor.  It  does,  and  I have  made 
ufe  of  paper  becaufe  it  is  eafily  feen 
through,  whereas  the  retina  is  opake; 
tranfparency  would  he’  of  no  advan- 
tasL’e  to  it.  The  retina,  bv  means  of 
the  optic  nerve,  is  conveyed  to  the 
brain,  or,  in  other  v’ords,  the  optic 
nerve  is  an  extenfion  of  the  retina. 

James.  And  does  it  carry  the 
news  of  every  object  that  is  painted 
on  the  retina? 

Tutor.  So  it  fliould  feem  ; for  we 
have  an  idea  of  whatever  is  drawn 
upon  it.  I diredb  my  eyes  to  you; 
and  the  image  of  your  peifon  is 
painted  on  the  retina  of  my  eye,  and 
I fay  I see  you.  So  of  any  thing  elfe. 
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Charles.  You  faici  the  rays  of  light 
proceeding  from  external  objcdts  were 
refradted  in  palling  through  the  dif- 
ferent humours  of  the  eye. 

Tutor.  They  are,  and  converged 
to  a point,  or  there  would  be  no 
diftindf  picture  drawn  on  the  retina, 
and  of  courfe  no  diftin6t  idea  con- 
veyed to  the  mind.  I will  Ihow  you 
what  I mean  by  a figure,  taking  an 
arrow  again  as  an  illultration. 


As  every  point  of  an  objedf  a b c 
(Plate  IV.  Fig,  27),  fends  out  rays  in 
all  direftions,  fome  rays  from  each 
point  on  tJie  fide  next  the  eye,  will 
fall  upon  tlie  cornea  between  x y, 
and  by  palling  througli  the  humours 
of  the  eye,  they  will  be  converged 
and  brought  to  as  many  points  on 
tlie  retina,  and  will  form  on  it  a 
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diftincl  inverted  pi<5ture  c b a the 
obje<5l. 

James.  This  is  done  in  the  fame 
manner  as  you  Ihewed  us  by  means 
of  a double  convex  lens. 

Tutor,  All  three  of  the  humours 
have  fome  effe6l  in  refracting  the  rays 
of  light,  but  the  cryftalline  is  the 
moll  powerful,  and  that  is  a com- 
plete double  convex  lens  : and  you, 
fee  the  rays  from  a are  brought  to  a 
point  at  a ; thofe  from  b will  be  con- 
verged at  5,  ami  thofe  from  c at  c, 
and,  of  courfe,,the  intermediate  ones 
between  a and  b;  and  b and  c will 
be  formed  between  a and  5,  and  h and  . 
c.  Hence  the  obje6t  becomes  vifible 
by  means  of  the  image  of  it  being 

drawn  on  the  retina. 

% 

Cha?ics.'  Since  the  image  is  in- 
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verted  on  the  retina,  how  is  it  that 
we  fee  things  in  the  proper  pofition? 

Tutor.  This  is  a proper  queftion, 
but  one  that  is  not  very  readily  an- 
fwered.  It  is  well  known  that  the 
fenfe  of  touch  or  feeling  very  much 
aflifts  the  fenfe  of  fight ; fome  paint- 
ings are  fo  exquifitely  finiflied,  and 
fo  much  refemble  fculpture,  that  the 
eye  is  completely  deceived,  we  then 
naturally  extend  the  hand  to  aid  the 
fenfe  of  feeing.  Children  who  have 
to  learn  the  ufe  of  all  their  fcnfes, 
make  ufe  of  their  hands  in  every 
thing;  they  fee  nothing  which  they 
do  not  wilii  to  handle,  and  therefore 
it  is  not  improbable,  that  by  the  fenfe 
of  the  touch,  they  learn,  unawares, 
to  redlify  that  of  feeing.  Ihe  image 
of  a chair,  or  table,  or  other  obje6l, 
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IS  painted  in  an  inverted  pofition  on 
the  retina  ; they  feel  and  hanille  it, 
and  find  it  ere^t;  the  fame  rcfult 
perpetually  recurs,  fo  that,  at  length, 
long  before  they  can  reafon  on  the 
fubje61:,  or  even  deferibe  their  feel- 
ings, by  fpeech,  the  inverted  images 
gives  them  an  idea  of  an  erect  ob- 

jea. 

Charles.  I can  eafily  conceive 
that  this  would  be  the  cafe  with  com- 
mon objeas,  fuch  as  are  feen  every 
day  and  hour.  But  will  there  be  no 
difficulty  in  fuppofing  that  the  fame 
mufi;  happen  with  regard  to  any  thing 
which  I had  never  feen  before  ? I 
never  faw  fliips  failing  on  the  fea 
till  within  this  month ; but  when  I 
firft  faw  them,  they  did  not  appear 
to  me  in  an  inverted  pofition. 
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Tutor.  But  you  have  feeii  water 
and  land  before,  and  they  appear  to 
you,  by  habit  and  experience,  to  be 
lowerinoft,  though  they  are  painted 
on  the  eye  in  a different  pofition : 
and  the  bottom  of  the  fliip  is  next 
the  water,  and  confequently,  as  you 
refer  the  water  to  the  bottom,  fo  you 
muft  the  hull  of  the  fhip  which  is 
connc(51:ed  wdth  it.  In  the  fame  man- 
ner all  the  parts  of  a diftant  profpe^t 
are  right  with  refpe6l  to  each  other ; 
and  therefore,  though  there  may  be 
a hundred  objedts  in  the  landfcape 
entirely  new  to  you,  yet  as  they  all 
bear  a relation  to  one  another,  and 
to  the  earth  on  which  tliey  are,  you 
refer  them,  by  experience,  to  an  eredt 
pofition. 
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James.  How  is  it  that  in  fo  finall 
a fpace  as  the  retina  of  the  eye,  the 
images  of  fo  many  obje6ls  can  be 
formed  ? 

Tutor.  Dr.  Paley*  tells  us,  “The 
profpe6l  from  Hampftead  Hill  is  com- 
prelfed  into  the  compafs  of  a fix- 
pence,  yet  circumflantially  repre- 
fented.  A ftage  coach,  travelling  at 
its  ordinary  rate,  for  half  an  hour, 
palTcs  in  the  eye  only  over  one  twelfth 
part  of  an  inch,  yet  the  change  of 
place  is  diftin6lly  perceived  through- 
out its  whole  progrefs.”  Now  what 
he  aflerts  we  all  know  is  true : go  to 
the  window  and  look  Itcadily  at  the 
profpect  before  you,  and  fee  how 

* See  Paley’s  Natural  Theology,  p.  35. 
7th  edit,  or  p.  1 3,  in  the  Analyfis  of  that  work, 
hy  the  author  of  thefe  Dialogues, 
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many  objects  you  can  clifcern  without 
moving  your  eye. 

James,  I can  fee  a great  number 
very  diftindly  indeed,  betides  which 
I can  difcern  others,  on  both  fidcs, 
which  are  not  fo  clearly  defined. 

Charles.  I have  another  di fticulty ; 
we  have  two  eyes,  on  both  of  which 
the  images  of  objects  are  painted, 
])ow  is  it  that  we  do  not  fee  every 
object  double  ? 

Tutor.  When  an  objeft  is  feen 
diftindly  with  both  eyes,  the  axes  of 
them  are  directed  to  it,  and  the  ob- 
ject appears  fingle;  for  the  optic 
nerves  are  fo  framed,  that  the  cor- 
relpondent  parts,  in  both  eyes,  lead 
to  the  fame  place  in  the  brain,  and 
excite  but  one  fenfation.  But  if  the 
axes  of  both  eyes  are  not  directed 

VOL.  V.  p 
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to  the  obje6t,  that  objed  feems 
double. 

James.  How  does  that  appear  ? 

Tutor.  Look  at  your  brother, 
while  I pudi  your  right  eye  a little 
out  of  its  place  towards  the  left. 

James.  I fee  two  brothers,  the 
one  receding  to  the  left  hand  of  the 
other. 

Tutor.  The  reafon  is  this;  by 
pufhing  the  eye  out  of  its  natural 
place,  the  pidures  in  the  two  eyes  do 
not  fall  upon  correfpondent  parts  of 
the  retina,  and  therefore  the  fenfa- 
tions  from  each  eye  are  excited  iu 
different  parts  of  the  brain. 


COxWERSATION  XVII. 


Of  Spe8acleSf  and  of  their  Vfes, 

. CHARLES.  Why  do  people  wear 
fpe<5Iacles  ? 

Tutor.  To  affift  the  fight,  which 
jnay  be  defective  from  various  caufes. 
Some  eyes  are  too  flat,  others  are  too 
convex  : in  fome  the  humours  lofe  a 
part  of  their  tranfparency,  and  on 
tiiat  account,  a deal  of  light  that  en- 
ters J:he  eye  is  ftopt  and  loft  in  the 
paffage,  and  every  obje6l  appears 
dim.  The  eye,  without  light,  \rould 
«•  p 2 
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be  a ufelefs  machine.  Spectacles  are 
intended  to  colleCl  the  light,  or  to 
bring  it  to  a proper  degree  of  coiiver- 
gency. 

Charles.  Are  fpeCiacle-glaffes  al- 
v'ays  convex  ? 

Tutor.  No  : the}"  are  convex 
when  the  eyes  are  too  flat ; but  if  the 
eyes  are  already  very  convex,  then 
concave  glaffes  are  ufed.  You  know 
the  properties  of  a convex  glafs  ? 

James.  Yes ; it  is  to  make  the 
rays  of  light  converge  fooner  than 
they  would  without. 

Tutor.  Suppofe  then  a perfon  is 
unable  to  fee  objeCls  diftinClly,  owing 
to  the  cornea  c d,  (Plate  iv.  Fig, 
28. ) or  to  the  cryftalline  a h,  or  both, 
being  too  flat.  The  focus  of  rays 
proceeding  from  any  objeCt,  will. 
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not  be  on  the  retina,  where  it  ought 
to  be,  but  at  z beyond  it.  * 

Charles,  How  can  it  be  beyond 
the  eye  ? 

Tutor.  It  would  be  beyond  it,  if 
there  were  any  thing  to  receive  it ; 
as  it  is,  the  rays  .flowing  from  will 
not  unite  at  fo  as  to  render  vifioii 
diftindl.  To  remedy  this,  a convex 
glafs  m n is  placed  between  the  ob- 
ject and  the  eye,  by  means  of  which 
the  rays  are  brought  to  a focus  fooner, 
and  the  image  is  formed  at  d. 

James.  Now  I fee  the  rcafon  why 
people  are  obliged,  fometimes,  to 
make  trial  of  many  pairs  of  fpeclacles 
before  they  get  thofe  that  will  fuit 
them. — They  cannot  tell  exactly  what 
degree  of  convexity  is  necessary  to 
bring  the  focus  juft  to  the  retina, 
p 3 
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Tutor.  That  is  right  ; for  the 
lhape  of  the  eye  may  vary  as  mucli 
as  that  of  their  .countenance  ; of 
courfe,  a pair  of  fpeftacles  that  might 
fuit  you,  would  not  be  adapted  to 
another,  whofe  eyes  diould  require  a 
fimilar  aid. — What  is  the  property  of 
concave  glalfes  ? 

Charles.  They  caufe  the  rays  of 
light  to  diverge. 

Tutor.  Then  for  very  round  and 
globular  eyes,  thefe  will  be  ufeful, 
becaufe  if  the  cornea  c d,  or  cryftal- 
line  a b (Plate  iv.  Fig.  £9.)  be  too 
convex,  the  rays  flowing  from  x will 
unite  into  a focus  before  they  arrive 
at  the  retina,  as  at  z. 

Charles.  If  the  fight  then  de- 
pend on  fenfations  produced  on  the 
retina,  fuch  a perfon  will  not  fee  the 
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obje^  at  all,  becaufe  the  image  of  it 
does  not  reach  the  retina. 

Tutor,  True : but  at  z the  rays 
crofs  one  another,  and  pafs  on  to 
the  retina,  where  they  will  produce 
fome  fenfations,  but  not  thofe  of  dif- 
tinct  vifion,  becaufe  they  are  not 
brought  to  a focus  there.  To  remedy 
this,  the  concave  glafs  m n is  inter- 
pofed  between  the  object  and  the  eye, 
which  caufes  the  rays  coming  to  the 
eye  to  diverge;  and  being  more  di- 
vergent when  they  enter  the  eye,  it 
requires  a very  convex  cornea  or  cry- 
ftalline  to  bring  them  to  a focus  at 
the  retina. 

James.  I have  feen  old  people, 
when  examining  an  objeft,  hold  it  a 
good  diftance  from  their  eyes. 


164* 


OPTICS. 


Tutor.  Becaufe  their  eyes  beings 
too  flat,  the  focus  is  thrown  beyond 
the  eye,  and  therefore  they  hold  the 
obje6l  at  a diftance  to  .bring  the  fo- 
cus z (Fig.  28.)  to  the  retina. 

Charles.  Very  fliort  flighted  people 
bi  ing  obje6ls  clofe  to  their  eyes. 

Tutor.  Yes,  I once  knew  a young 
man  who  was  apt,  in  looking  at  his 
paper,  to  rub  out  with  his  nofe  what 
he  had  written  with  his  pen.  In  this 
cafe,  bringing  the  objedt  near  the  eye 
produces  a fimilar  eifedl  to  that  pro- 
duced by  concave  glafles : becaufe 
the  nearer  the  objedb  is  brought  to 
the  eye,  the  greater  is  the  angle  un- 
der which  it  is  feen  ; that  is,  the  ex- 
treme rays,  and,  of  courfe,  all  the 
others  are  made  more  divergent. 
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. James.  I do  not  underftand  this. 

Tutor.  Well,  let  e be  the  eye, 
(Plate  IV.  Fig.  30.)  and  the  objed  a h 
feen  at  2^,  and  alfo  at  .r,  double  the 
diftance;  will  not  the  fame  object  ap- 
pear under  different  angles  to  an  eye 
fo  fituated  ? 

James.  Yes,  certainly  a^h  will  be 
larger  than  c e f/,  and  will  include  it. 

Tutor.  Then  the  objedl  beirig 
brought  veiy  near  the  eye,  has  the 
fame  effedl  as  magnifying  the  object, 
or  of  caufing  the  rays  to  diverge ; 
that  is,  though  a h and  c d are  of 
the  fame  lengths,  yet  a h being 
neareft  to  the  eye  will  appear  the 
largeft. 

Charles.  You  fay  the  eyes  of  old 
people  become  flat  by  age,  is  that  the 
natural  progrefs } 
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Tutor.  It  is;  and  therefore  people 
who  arc  very  diort  lighted  while 
young,  will  probably  fee  well  when 
they  grow  old. 

, James.  That  is  an  advantage  de- 
nied to  common  e}’es. 

Tutor.  But  people,  bleffed  with 
common  fight,  fliould  be  thankful 
for  tlie  benefit  they  derived  while 
young.  ■ 

Charles.  And  I am  fure  we  can- 
not too  highly  eftimate  the  fcicnce  of 
optics,  that  has  afforded  fuch  affift- 
ance  to  defective  eyes,  which,  in 
many  circumftances  of  life,  would  be 
ufelefs  without  them. 


CONVERSATION  XVIIL 


Of  the  Rainbow. 

TUTOR.  You  have  frequently 
feen  a rainbow  ? 

Charles.  Oli,  yes,  and  very  often 
there  are  two  at  the  fame  time,  one 
above  the  other ; the  lower  one  is  by 
far  the  inoft  brilliant. 

. Tutor.  This  is,  perhaps,  the  moft 
beautiful  meteor  in  nature  ; it  never 
makes  its  appearance  but  when  a 
fpedfator  is  fituated  between  the  fun 
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and  the  fliower.  It  is  thus  defcribed 
by  Thomfon : 

Reflefted  from  yon  eaftern  cloud, 

Beftriding  earth,  the  grand  ethereal  bow 
Shoots  up  immenfe ; and  ev’ry  hue  unfolds, 

In  fair  proportion,  running  from  the  red 
To  where  the  vi’let  fades  into  the  (ky. 

Here,  awful  Newton,  the  diffolving  clouds 
Form,  fronting  on  the  fun,  thy  ftiow’ry  prifm; 
And  to  the  fage-inftrufted  eye  unfold 
The  various  twine  of  light,  by  thee  difclos’di 
From  the  white  mingling  maze. 

James.  Is  a rainbow  occafioned 
by  the  falling  drops  of  rain  ? 

Tutor.  Yes,  it  depends  on  tlic  re- 
flexion and  refraXion  of  the  rays  of 
the  fun  by  the  falling  drops. 

Charles.  I know  now  how  the 
rays  of  the  fun  are  refracted  by  wa- 
ter, but  are  they  refleSted  by  it  alfo  ? 
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Tutor.  Yes;  water,  like glafs,  re^ 
fledls  Tome  rays,  while  it  tranliiiits  or 
refra6ls  others.  You  know  the 
beauty  of  the  rainbow  confifts  in 
its  colours. 

James.  Yes,  “ the  colours  of  the 
rainbow’"  is  a very  common  expref- 
fion ; I have  been  told  there  are  feven 
of  them,  but  it  is  feldom  that  fo 
many  can  be  clearly  diftinguiflied. 

Tutor.  Perhaps  that  is  owing  to 
your  want  of  patience ; I will  Ihowyou 
the  colours  firft  by  means  of  the  prifm. 
If  a ray  of  light  s (Plate  v.  Fig.  31.) 
be  admitted  into  a darkened  room, 
through  a fmall  hole  in  the  fluitter 
X its  natural  courfe  is  along  the 
line  to  d;  but  if  a glafs  prifm  a c be 
introduced,  the  whole  ray  will  be 
bent  upwards,  and  if  it  be  taken  on 

0. 
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any  white  furface  as  m n,  it  will  form 
an  oblong  image  p t,  the  breadth  of 
which  is  equal  to  the  diameter  of  the 
hole  in  the  ill  utter. 

Charles,  This  oblong  is  of  dif- 
ferent colours  in  different  parts. 

Tutor,  Thefe  are  the  colours  of 
the  rainbow,  which  are  deferibed  by 
Dr.  Darwin  as  untwified: 

Next  with  illumin’d  hands  through  prifms 
bright, 

Pleafed  they  untwift  the  fevenfold  threads  of 
light ; 

Or,  bent  in  pencils  by  the  lens,  convey 

To  one  bright  point  the  filver  hairs  of  day, 

James.  But  how  is  the  light  which 
is  admitted  by  a circular  hole  in  the 
window  fpread  out  into  an  oblong? 

Tutor.  If  the  ray  were  of  one 
fubftance,  it  would  be  equally  bent 
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lipwards,  and  make  only  a'fmall  cir- 
cular image.  Since,  ther'efore,  the 
image  or  picture  is  oblong,  it  is  in- 
ferred that  it  is  formed  of  rays  dif- 
ferently refrangible,  fome  of  which 
are  turned  more  out  of  the  wav,  or 
more  upwards  than  others ; thofe 
.which  go  to  the  upper  part  of  the 
fpeefrum  being  moft  refrangible, 
thofe  which  go  to  the  loweft  part  are 
the  leaft  refrangible,  the  intermediate 
ones  poffefs  more  or  lefs  refrangibi- 
lity,  acccording  as  they  are  painted 
on  the  fpedrum.  Do  you  fee  the 
feven  colours  ? 

Charles.  Yes,  here  is  the. moiety 
indigo,  blue,  green,  yellow,  orange, 
and  red. 

Tutor.  Thefe  colours  will  be  ftill 
more  beautiful  if  a convex  lens  be 
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interpofecl,  at  a proper  diftance,  be- 
tween the  fliutter  and  tlie  prifm. 

James.  How  does  this  apply  to 
the  rainbow  ? 

Tutor.  Suppofe  A (Plate v.  Fig.  32.) 
to  be  a drop  of  rain,  and  Sf/  a ray  from 
the  fun  falling  upon  or  entering  it  at 
d,  it  will  not  go  to  c,  but  be  refradled 
to  w,  where  a part  will  go  out,  but  a 
part  alfo  will  be  reflected  to  q,  where 
it  will  go  out  of  the  drop,  which  ail- 
ing like  a prifm,  feparates  the  ray 
into  its  primitive  colours,  and  the 
violet  will  be  uppermoft,  the  red 
lowermoft. 

Charles.  Is  it  at  any  particular 
angle  that  thefe  colours  are  formed  ? 

Tutor.  Yes,  they  are  all  at  fixed 
angles  ; the  leaft  refrangible  or  red 
makes  an  angle  with  the  folar  inci- 
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dent  ray,  equal  to  little  more  than 
42  degrees ; and  the  violet  or  inoft 
refrangible  ray,  will  make  w'ith  the 
folar  ray  an  angle  of  40  degrees. 

James.  I do  not  underhand  which 
are  thefe  angles. 

Tutor.  The  ray  s d would  go  to 
f c,  therefore  the  angle  made  with 
the  red  ray  is  s f g,  and  that  made 
with  the  violet  ray  is  s c q;  the  former 
is  4£®  2^,  the  latter  40°  17'. 

Charles.  Is  this  always  the  cafe 
be  the  fun  either  high  or  low  in  the 
heavens  ? • 

Tutor.  It  is ; but  the  fituation  of 
the  rainbow  will  vary  accordingly  as 
the  fun  is  High  or  low,  that  is,  the 
higher  the  fun,  the  lower  will  be  the 
rainbow;  a fhow^r  has  been  feen  on 
a mountain  by  a fpedlator  ina  valley, 
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by  which  a complete  circular  rainbow 
has  been  exhibited. 

James.  And  I once  remember 
Handing  on  Morant’s  Court  Hill,  in. 
Kent,  when  there  was  a heavy  Ihower, 
while  the  fun  Hione  very  bright,  and 
all  the  landfcape  beneath,  to  a vaft 
extent,  feemcd  to  be  painted  with  the 
prifmatic  colours. 

Tutor.  I recolleft  this  well ; and 
perhaps  to  fome  fuch  feenes  Thom- 
fon  alludes : it  was  certainly  the  moft 
beautiful  one  I ever  beheld  : 

Thefe,  when  the  clouds  diftil  the  rofy  fhower. 
Shine  out  diftinft  adown  the  •watery  boiu; 
While  o’er  our  heads  the  dewy  vifion  bends 
Delightful,  melting  on  the  fields  beneath. 
Myriads  of  mingling  dies  from  thefe  refult. 
And  myriads  ftill  remain ; infinite  fource 
Of  beauty,  ever  blufliing,  ever  new. 
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Charles.  You  have  not  explained 
the  principles  of  the  upper  or  fainter 
bow. 

Tutor.  This  is  formed  by  two  re- 
flations and  two  refletions : fup- 
pofe  the  ray  t r to  be  entering  the 
drop  B at  r.  It  is  refracted  at  r,  re- 
tleted  at  s,  refleted  again  at  t,  and 
reflated  as  it  goes  out  at  u,  whence 
it  proceeds  being  feparated  to  the  fpec- 
tator  at  g.  Here  the  colours  are  re- 
verfed  ; the  angle  formed  by  the  red 
ray  is  51°,  and  that  formed  by  the 
violet  is  54°. 

James.  Docs  the  fame  thing  hap- 
pen with  regard  to  a whole  fliower, 
as  you  have  fliown  with  refpet  to  the 
two  drops  ? 

Tutor.  Certainly,  and  by  the  con- 
ftant  falling  of  tlie  rain,  the  image  i^ 
preferved  condant  and  perfet.  Here 
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is  the  reprefentation  of  the  two  bows. 
(Plate  V.  Fig*.  33.)  The  rays  come  in. 
the  clire6lion  s a,  and  the  fpe6lator 
fiands  at  e with  his  back  to  the  fun, 
or,  in  other  words,  he  muft  be  be* 
tween  the  fun  and  the  fhower. 

This  fubjecl  may  be  fliown  in  an* 
other  way ; if  a glafs  globule  filled 
with  water  be  hung  fulficiently  high 
before  you,  when  the  fun  is  behind, 
to  appear  red,  let  it  defcend  gra* 
dually,  and  you  will  fee,  in  tlie  de- 
fcent,  all  the  other  fix  colours  fol- 
low one  another.  Artificial  rain- 
bows may  be  made  with  a common 
watering  pot,  but  much  better  with 
a fyringe  fixed  to  an  artificial  foun- 
tain ; and  I have  feen  one  by  fpirt- 
ing  up  water  from  the  mouth : it  is 
often  feen  in  cafcades,  in  the  foam- 
ing-of  the  waves  of  the  fea,  in  fouu- 
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tains,  and  even  in  the  dew  on  the 
grafs. 

Dr.  Langwith  has  defcri bed  a rain- 
bow, which  he  faw  lying  on  the 
ground,  the  colours  of  which  were  al- 
inolt  as  lively  as  thofe  of  the  common 
rainbow.  It  was  extended  feveral  hun- 
ched yards,  and  the  colours  were  fo 
ftrong,  that  it  might  have  been  feen 
much  farther,  if  it  had  not  been  ter- 
minated by  a bank,  and  the  hedge  of 
a field. 

Rainbows  have  alfo  been  produced 
by  the  reflexion  of  the  fun’s  beams 
from  a river:  and  Mr.  Edwards  de- 
feribes  one  which  mufl;  have  been 
formed  by  the  exhalations  from  the 
city  of  London,  when  the  fun  had 
been  fet  twenty  minutes*. 

* See  Phil.  Tranf.  Vol.  vi,  and  t. 
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Of  the  Refracting  Tdefcope. 

TUTOR,  We  now  come  to  de- 
fciibe  the  ftru6lure  of  telefcopes,  of 
which  there  are  two  kinds  ; viz.  the 
refraEiing  and  the  reflecting  tele- 
fcope* 

Charles,  The  former,  or  refraB-- 
ing  telefcope,  depends,  I fuppofe, 
upon  lenfes  for  the  operation ; and 
the  reflecting  telefcope  ads  chiefly 
by  means  of  mirror's,  , ' 

Tutor.  Thefe  are  the  general  prin- 
ciples upon  which  they  are  formed ; 
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and  we  fliall  devote  this  morning  to 
the  explanation  of  the  ref  racing  te- 
lefcope.  Here  is  one  completely  fitted 
np. 

Jaynes.  It  confifts  of  two  tubes, 
and  two  glaffes. 

lutor.  The  tubes  are  intended  to 
hold  the  glaffes,  and  to  confine  the 
boundary  of  tjie  view.  I will  there- 
fore explain  the  principle  by  the  fol- 
lowing figure  (Plate  v.  Fig.  34.)  ia 
which  is  reprefented  the  eye  a b,  the 
two  lenfes,  m n,  op,  and  the  objedl 
X Y.  The  lens  op,  which  is  neareft 
to  the  object,  is  called  the  object  glafs, 
and  that  m n neareft  to  the  eye  is 
called  the  eye-glafs,. 

Charles.  Is  the  obje6l-glafs  a 
double  convex,  and  the  eye-glafs  a 
doubie  concave  ? 
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Tutor.  It  happens  I'o  in  this  par- 
ticular inftance,  but  it  is  not  necef- 
fary  that  the  eye-glafs  flioukl  be  con- 
cave; the  objeft-glafs  muft,  howeveiv 
in  all  cafes,  be  convex. 

Charles.  I fee  exadly,  from  the 
figure,  why  the  eye-glafs  is  concave: 
for  the  convex  lens  converges  the 
rays  too  quickly,  and  the  focus  by 
that  glafs  alone  would  be  at  e ; and 
therefore  the  concave  is  put  near  the 
eye  to  make  the  rays  diverge  fo  much 
as  to  throw  them  to  the  retina  before 
they  come  to  a focus. 

T'utor.  But  that  is  not  the  only 
reafon : by  coming  to  a focus  at  e, 
the  image  is  very  final),  in  comparifon 
of  what  it  is  when.thc  image  is  formed 
on  the  retina  by  means  of  the  con- 
cave lens.  Can  you,  James,  explain 
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the  reafon  of  all  the  lin'e^  which  you 
fee  in  the  figure  ? 

Jamc^.  I think  I cati ; — there  are 
two  pencils  of  rays  flowing  from  the 
extremities  of  the  arrow,  which  is  the 
objc6l  to  be  viewed.  The  rays  of  the 
pencil  flowing  from  x,  go  on  di- 
verging till  they  reach  the  convex 
lens  dp,  when  they  will  be  fo  re- 
traced by  paffing  through  the  glafs, 
as  to  converge,  and  meet  in  the  point 
x\  Now  the  lame  may  be  faid  of 
the  pencil  of  rays  which  come  frorri 
y ; and,  of  coiirfe,  of  all  the  pencils 
of  rays  flowing  frorri  the  objeC  be- 
tween X and  y.  So  that  the  image 
of  the  arrow  would,  by  tlie  convex 
lens,  be  formed  at  e.  v 

Tutor.  And  what  would  happea 
if  there  were  no  other  glafs  ? 

R 
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Ja?i2es.  The  rays  would  crofs  each 
other  and  be  divergent,  fo  that  when 
they  got  to  the  retina,  there  would 
be  no  diftin^;  image  formed,  but 
every  point  as  .v  or  y,  would  be  fpread 
over  a large  fpace,  and  the  image 
would  be  confufed.  To  prevent  this 
the  concave  lens  7n  ?i  is  inteipofed  ; 
the  pencil  of  rays  which  would,  by 
the  convex  glafs,  converge  at  .r,  will 
how  be  made  to  diverge,  fo  as  not  to 
come  to  a focus  till  they  arrive  at  a \ 
and  the  pencil  of  rays  which  would, 
by  the  convex  glafs,  have  come  to  a 
point  at  3/f,  will,  by  the  interpofition 

of  the  concave  lens,  be  made  to  di- 

* 

verge  fo  much  as  to  throw  the  focus 
of  the  rays  to  h inftead  of  y.  By 
this  means,  the  image  of  the  objeCl 
is  magnified. 
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Tutor.  Can  you  tell  tlie  reafoii 
why  the  tubes  require  to  be  drawn ^ 
out  more  or  lefs  for  different  per- 
fons  ? 

I 

Charles.  The  tubes  are  to  be  ad- 
jufted  in  order  to  throw  the  focus  of 
rays  exa6tly  on  the  retina ; and  as 
foine  eyes  are  more  convex  than 
others,'  the  length  of  the  focus  will 
vary  in  different  perfons,  and,  by 
Hiding  the  tube  up  and  down,  this 
object  is  obtained. 

Tutor.  Refracting  telefcopes  are 
ufed  chietly  for  viewino;  terreltrial  ob- 
jeCts ; two  things,  therefore,  are  re- 
'qnilite  in  them  ; the  JirJi  is,  that  it 
Hioiild  Hiow  objects  in  an  upriglit  po- 
lition,  that  is,  in  the  fame  pofition  as 
we  see  tlicm  witliout  glalfes;  and  the 
R 2 
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/econd  is,  that  they  thould  afford  a 
\2ii’gQjield  of  mew. 

JaineS‘  What  do  you  mean,  lir, 
by  a field  of  view  ? 

Tutor.  All  that  part  of  landfcape 
which  may  be  feen  at  once,  without 
-moving  the  eye  or  inftrument  Now 
in  looking  on  the  figure  again,  yon 
will  perceive  that  the  concave  lens 
throws  a number  of  the  rays  beyond 
the  pupil  c of  the  eye,  on  to  the  iris 
on  both  fides,  but  thofe  only  are  vi- 
fible,  or  go  to  form  an  image,  which 
pafs  through  the  pupil ; and  there' 
fore,  by  a telefcope  made  in  this  way, 
the  middle  part  of  the  obje6l  is  only 
feen,  or,  in  other  words,  the  profpedt 
is  by  it  very  much  diminilhed. 

Charles.  How  is  that  remedied  ? 
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Tutoj'.  By  fuhtlitnting  a double 
convex  eye-glals  g h (Plate  v. 
Fig.  35.)  iuftead  of  the  concave  one. 
Here  the  focus  of  the  double  convex 
lens  is  at  e,  and  the  glafs  g h mull 
]>e  fo  much  more  convex'  than  o py 
as  that  its  focus  may  be  alfo  at  e : 
for  then  the  rays  flowing  from  the 
obje<5t.r7/,  and  palling  through  UiCn 
objedt  glafs  o p,  will  form  the  in- 
verted image  m e d.  Now  by  inter- 
poling  the  double  convex  g h,  the 
image  is  thrown  on  the  retina,  and 
it  is  feen  under  the  large  angle 
Dec,  that  is,  the  image  7?i  e d will 
be  magnified  to  the  fize  c e d. 

James.  Is  not  the  image  of  the 
obje6l  in  thetelefcope  invcited  ? 

Tutor.  Yes  it  is:  for  you  fee  the 
image  on  the  retina  Bands  in  the 

R 3 


186 


OPTICS. 


fame  pofition  as  the  objecl ; but  we 
always  fee  things  by  having  the 
images  inverted  : and,  therefore, 

whatever  is  feen  by  telefcopes  con- 
ftrudled  as  this  is,  will  appear  inverted 
to  the  fpefilator,  which  is  a very  un- 
pleafant  circumflance  with  regard  to 
terreftrial  objedls ; it  is  on  that  ac- 
count chiefly  ufed  for  celeftial  obfer- 
vations. 

Charles.  Is  thci'e  any  rule  for  cal- 
culating the  magnifying  power  of 
this  telefcope? 

Tutor.  It  magnifies  in  proportion 
as  the  focal  diftance  of  the  objedf- 
glafs  is  greater  than  the  focal  dif- 
tance  of  the  eye-glafs.  Thus,  if  the 
focal  diftance  of  the  objedt-glals  is  ten 
indies,  and  that  of  the  ^ye-glafs  only 
a Angle  inch,  the  telefcope  magnifies 
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the  diameter  of  an  object  ten  times  ; 
and  tlie  whole  fui'face  of  the  pbje6t 
will  be  magnified  an  hundred  times- 

Charles.  Will  a fmall  object,  as  a 
filver  .penny  for  inftance,  appear  a 
hundred  times  larger  through  this  te- 
lefcope  than  it  would  by  the  naked 
eye  ? 

7'utor.  Telefcopes,  in  general,  re- 
prefen t terreltrial  objects  to  be  nearer 
and  not  lancer  : thus  looking  at  the 
fdver  j)enny  an  hundred  yards  dif- 
tant,  it  will  not  appear  to  be  larger, 
but  at  the  diftaiice  only  of  a lingle 
yard. 

James.  Is  there  no  advantage 
gained  if  the  focal  diftaiice  of  the 
eye-glafs,  and  of  the  objcct-glafs,  be 
equal } . . 
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Tutor.  None;  and  therefore  in  tele- 
fcopes  of  this  kind  we  have  only  toen- 
creafe  the  focal  diftance  of  tlie  objedl- 
glafs,  and  todiminifli  the  focal  diftance 
of  the  eye-glafs,  to  augment  the  mag- 
nifying power  to  almolt  any  degree. 

Charles.  Can  you  carry  this  prin- 
ciple to  any  extent? 

Tutor.  Not  altogether  fo:  an  ob- 
jedi-glafs  of  ten  feet  focal  diftance, 
will  rc([uire  an  eyc-glafs  whofe  focal 
diftance,  is  rather  more  than  two 
inches  and  a half;  and  an  objett- 
glafs  with  a focal  diftance  of  an  hun- 
dred feet,  muft  have  an  eye-glafs 
whofe  focus  mult  be  about  iix  inches 
from  it.  How  much  will  each  of 
ihefe  glalfes  magnify  ? 

Charles.  Ten  feet  divided  by  two 
inches  and  a half,  give  for  a tpto- 
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tient  forty-eight  : and  a hundred 
feet  divided  by  hx  inches,  give  two 
hundred : fo  that  tlie  former  magnir 
lies  48  times,  and  the  latter  200 
times. 

Tutor.  Refracting  telefcopes  for 
viewing  terreftrial  objecls,  in  order  to 
fliow  them  in  their  natural  poflure, 
are  ufually  conftruded  with  one  ob- 
jedl-glafs,  and  three  eye-glalfes,  the 
focal  diftances  of  thefe  laft  being 
equal. 

James.  Do  you  make  ule  of  the 
fame  method  in  calculating  the  mag- 
lu tying  power  of  a telefcope  con- 
flrudted  in  this  way,  as  you  did  in 
the  laft  ? 

Tutor.  Yes;  the  three glalfes next 
the  eye  having  their  focal  diftances 
equal,  the  magnifying  power  is  found 
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by  dividing  the  focal  diflance  of  the 
object  glafs  by  the  focal  diftance  of 
one  of  the  eye  glaffes.  We  have  now 
faid  as  much  on  the  fubje6t  as  is  ne- 
celfary  to  our  plan. 

Cfuu'les.  What  is  the  conftru61ioii 
of  opera  glafles  that  are  fo  much 
ufed  at  the  theatre  ? 

Tutor.  The  opera  glafs  is  nothing 
more  than  a tliort  refracting  telefcope. 

The  night  telefcope  is  only  about 
two  feet  long ; it  reprefents  objeCts 
inverted,  much  enlightened,  but  n<^t 
greatly  magnified.  It  is  ufed  todif- 
cover  ol)jeCts,  not  very  diftant,  but 
which  cannot  otherwife  be  fecii  for 
want  of  fuliicient  light. 
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Of  ReJleBhig  Telefcopes,  •;  ■ 

TUTOR.  This  is  a telefcope  of  a 
different  kind,  and  is  called  a reJieSt- 
vig  telefcope; 

Charles.  What  advantages  does 
the  reflecting  telefcope  poflefs  over 
that  which  you  defcribed  yefterday  ? 

Tutor.  The  great  inconvenience 
attending  refrafting  telefcopes  is  their 
' lensTth,  and  on  that  account  thevare 
not  very  much  ufed  when  high  pow- 
ers are  required,  A reflector  of  fix 
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feet  long  will  magnify  as  much  as  a 
refi  ador  of  an  hunch  ed  feet. 

James.  Are  thefe, . like  the  re- 
fra6ling  telefcopes,  made  in  different 
\v'ays  ? 

Tutor.  They  were  invented  by 
Sir  I.  Newton,  but  have  been  greatly 
improved  fince  his  time  : the  follow- 
ing figure  (Plate  vi.  Fig.  36‘.)  will 
leaf!  to  a defcription  of  one  of  thole 
mofl  in  life.  You  know  that  there 
is  a great  limilarity  between  convex  ^ 
loifes  and  conertve  mirrors. 

ChaYies.  They  both  • form  an  in- 
verted focal  image  of  any  remote  ob- 
ject, by  the  coiivcrgencef  of  the  pen- 
cils‘of  ra}is. 

Tutor.  In  inftruments,  the  exhi- 
bitions of  vdiicli  are' the  eflbdlk  of  re- 
flexion, the  concave  mirror  is'  fub- 
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ftitutecl  for  the  convex  lens,  t t 
(Fig.  36.)  reprefents  the  large  tube, 
and  1 1 the  Imall  tube  of  the-  tele- 
fcope,  at  one  end  of  which  is  d f,  a 
concave  mirror,  with- a hole  in  the 
middle  at  p,  the  principal  focus  of 
which  is  at  i k ; oppohte  to  the  hole 
p is  a fmall  mirror  l,  concave  to- 
wards the  great  one ; it  is  fixed  on  a 
ftrong  wire  m,  and  may,  by  means  of 
a long  fcrew  on  the  outfide  of  the 
tube,  be  made  to  move  backwards  or 
forwards,  a b is  a remote  • 

from  which  rays  will  flow  to  the  great  ‘ 
mirror  d f. 

James.  And  I fee  you  have  taken 
only- two  rays  of  a pencil  from  the 
top,  and  two  from  the  bottom. 

Tutor.  And  in  order  to  trace  the 
r>i  o«  refe  of  the  reflections -and  refrao- 
vox.  V.  s 
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tioiis,  the  upper  ones  are  rcprcfentetl 
by  full  lines,  the  lower  ones  by  clotted 
lines.  Now  the  rays  at  c and  e 
falling  upon  the  mirror  at  d and  f, 
are  reflected,  and  form  an  inverted 
image  2iim: 

Charlta.  Is  there  any  thing  there 
to  receive  the  image  ? 

Tutor.  No : and  therefore  they 
go  on  towards  the  refle(5tor  l,  the 
rays  from  different  parts  of  the  obje6t 
crolling  one  another  a little  betbre 
'they  reach  l. 

James.  Does  not  the  hole  at  p 
tend  to  diftort  the  image  ? 

Tutor.  Not  at  all ; the  only  defebl 
is,  that  there  is  lefs  light.  From  the 
mirror  l the  rays  are  reflefted  nearly 
paraUel  through  p,  there  they  have 
to  pafs  the  piano  convex  lens  b, 
9 
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which  caufes  them  to  converge  at 
a b,  and  the  image  is  now  painted  in 
the  fmall  tube  near  the  eye. 

Charles.  What  is  the  other  piano 
convex  S for? 

Tutor.  Having,  by  means  of  the 
lens  R,  and  the  two  concave  mirrors, 
brought  the  image  .of  the  objedl  fo 
nigh  as  at  a b,  we  only  want  to  mag- 
nify the  image. 

James.  This,  I fee,  is  done  by 
the  lens  S. 

Tutor.  It  is,  and  will  appear  as 

large  as  c d,  that  is,  the  image  is 

feen  under  the  angle  c f d.  ^ 

\ 

Charles.  How  do  you  eftimate  the 
magnifying  power  of  the  reflecling 
telefcope  ? . 

Tutor.  The  rule  is  this  : Mul- 

tiply the  focal  diftance  of  the  large 

s 2 
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mirror  by  the  diftance  of  the  fmali 
miiTor  from  the  image  m : then  mul- 
tiply the  focal  diftance  of  the  fmali 
mirror  by  the  focal  diftance  of  the 
eye-glafs  ; and  divide  thefe  two  pro- 
ducts by  one  another,  and  the  quo- 
tient is  the  magnifying  power. 

James.  It  is  not  likely  that  we 
ftiould  know  all  thefe  in  any  inftru- 
ment  we  poftefs. 

Tutor.  The  following  then  is  a 
method  of  finding  the  fame  thing  by 
experiment.  “ Obferve  at  what  dif- 
tance you  can  read  any  book'  with 
the  naked  eye,  and  then  removing 
the  book  to  the  fartheft  diftance  at 
which  you  can  diftindlly  read  by 
means  of  the  telefcope,  and  divide  the 
latter  bv  the  former.” 
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Charles.  Has  not  Dr.  Ilerfchel  a 
very  large  refleding  telefcope  ? 

Tutor.  He  has  made  manj',  but 
the  tube  of  the  grand  telefcope  is 
nearly  40  feet  long,  and  4 feet  ten 
inches  in  diameter.  The  concave 
furface  of  the  great  mirror  is  48 
inches,  of  polilhed  furface,  in  diame- 
ter, and  it  magnifies  6000  times.  This 
noble  inftrument  coft  the  Doctor  four 
years  fevere  labour ; it  was  finiflicd 
Aug.  *28,  1789,  on  which  day  was 
difeovered  the  fixth  fatellite  of  faturn : 

Delighted  Herfchel,  with  refleOed  light, 
Purfues  his  radiant  journey  through  the  night, 
Deteds  new  guards,  that  roll  their  orbs  afar. 
In  lucid  ringlets  round  the  Georgian  liar. 

D.vkwin. 
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Of  the  Micro fcope — Its  Principle — Of 
the  Single  Alicrn fcope — Of  the 
Compound  Micro  fcope — Of  the  So- 
lar  Microfcope. 

. TUTOR.  We  are  now  to  defcribc 
the  microfcope,  which  is  an  inftru- 
inent  for  viewing  very  fmall  objedls. 
You  know  that,  in  general,  perfons 
wlio  have  good  light  cannot  diftindlly 
view  an  object  at  a nearer  dillance 
than  about  fix  inches. 
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Charles.  I cannot  read  a book  at 
a fliorter  diftance  than  this  ; but  if  I 
look  through  a finall  hole  made  with 
a pin  or  needle  in  a dieet  of  brown 
paper,  I can  read  at  a very  fmall 
diltance  indeed. 

Tutor.  You  mean,  that  the  let- 
ters appear,  in  that  cafe,  very  niucli 
magnified,  the  reafon  of  which  is, 
that  you  aie  able  to  fee* at  a much 
/horter  diftance  in  this  way  than  you 
can  without  the  intervention  of  the 
paper.  Whatever  inftrument,  or  con- 
trivance, can  render  minute  objecls 
vifible  and  diftin6t,  is  properly  a mi- 
crolcope.  ^ ^ 

James.  If  I look  through  the 
hole  in  the  paper  at  the  diftance  of 
five  or  fix  inches  from  the  print,  i-t  is 
not  magnified. 
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Tutor.  The  obje6l  muft  be  brought 
near  to  increaie  the  angle  by  wliich  it 
is  feen;  this  is  the  principle  of  all  mi- 
crolcopes,  from  the  fmgle  lens  to  the 
mofi  compound  inftrument.  a (Plate 
VI.  Fig.  37-)  is  ail  obje6l  not  clearly 
vifible  at  a lefs  diftance  than  a b ; 
but  if  the  fame  obje6l  be  placed  in 
the  focus  c (Fig.  38.)  of  the  lens  d, 
the  rays  which  proceed  from  it  will 
become  parallel,  by  palling  through 
the  faid  lens,  and  therefore  the  objeCl 
is  diftin6ily  vifible  to  the  eye  at  e, 
placed  any  where  before  the  lens. 
There  are  three  diftiii6tions  in  micro- 
fcopes ; the  fmgle,  the  compound, 
and  the  folar. 

Charles.  Docs  the  fmgle  micro- 
fcope  confift  only  of  a lens  ? 
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Tutoj'.  By  means  of  a lens  a great 
number  of  rays  proceeding  from  a 
j)oint  are  united  in  the  fame  fenfible 
point,  and  as  each  ray  carries  with  it 
the  image  of  the  point  from  whence 
it  proceeded,  all  the  rays  united  muft 
form  an  image  of  the  objedt. 

James,  " Is  the  image  brighter  in 
* proportion  as  there  are  more  rays 
united? 

Tutor.  Certainly .and  it  is  more 
ddtindl  in  proportion,  as  their  natural 
order  is  preferved.  - In  other  words, 
a fingle  microfeope  or  lens  removes 
the  ccuifufion'  thnt  accompanies  ob- 
jedls  when  feen  very  near  by  the 
naked  eye ; and  it  magnifies  the 
diameter  of  the  object,  in  proportion 
as  the  focal  diftance  is  lefs  than  the 
limit  of  diftindt  vifion,  which  we 
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may  reckon  from  about  fix  to  eight 
inches.  . 

Charles.  If  the  focal  diftance  of 
a reading-glafs  be  four  inches,  does  it 
magnify  the  diameter  of  each  letter 
only  twice?  t 

Tutor.  Exa6Hv  fo : but  the  lenfes 
ufed  in  microfeopes  are  often  not 
more  than  | or  -J-  pr  even  ^ part  of 
an  inch  radius. 

James.  *^And  in  a double  convex 
the  focal  diftance  ia  always  equal  to 
the  radius  of  convexity. 

Tutor.  Then  tell  me  how  much 
lenfes  of  i -J-  ^^d  of  an  inch  will 
each  magnify  ? 

• James.  That  is  readily  done ; by 
dividing  8 inches,  tlie  limit  of  diltindl: 
vilion,  by  | | and 
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Charles.  And  to  divide  a whole 
number,  as  8,  by  a fradion,  as  ^ See. 
is  to  multiply  the  faid  mifiiber  by 
the  denominator  of  the  fraction:  of 
couiTe,  8 multiplied  by  4 gives  32 ; 
that  is,  the  lens,  whofe  radius  is  a ~ 
of  an  inch,  magnifies  the  diameter  of 
the  object  32  times. 

James.  Therefore  the  lenfes  of 
which  the  radii  are  ^ and  will 

magnify  as  8 multiplied  by  8,  and 
8 multiplied  by  20  ; that  is,  the  for- 
mer will  magnify  64  times,  the  latter 
1 60  times  the  diameter  of  an  objeft. 

Tutor.  You  fee  then,  that  the 
^ fmaller  the  lens,  the  greater  its  inag- 

Inlfying  power.  Dr.  Hooke  fays,  in 
his  work  on  the  microfeope,  that  he 
I has  made  lenfes  fofmall  as  to  be  able, 
t not  only  to  diftinguilh  the  particles 
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of  bodies  a,  million  times  finallerthan 
a vilible  point,  but  even  to  make 
thofe  vilible  of  which  a million  times 
a million  would  hardly,  be  equal  to 
the  bulk  of  the  fmalleft  grain  of 
fand. 

Charks.  I wonder  how  he  made 
them. 

Tutor.  I will  give  you  his  de- 
feription  : he  firft  took  a.  very  narrow 
and  thin  flip  of  clear,  glafs,  melted  it 
in  the  flame  of  a caudle  or  lajup,  and  \ 
drew  it  out  into  exceedingly  line 
threads.  The  end  of  one  yf  thefe  ; 
threads  he  melted  again  in  the  flame 
till  it  run  into  a very  fmall  drop, 
which,  when  cool, j he  fixed  in  a thin 
plate  of  metal,  fo  that  the  middle  of 
it  might  be  direclly.  over  the  center 
of  an  extremely  fmall.  hole  made  in 
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the  plate.  Here  is  a very  convenient 
Tingle  microfcope. 

Javics.  It  does  not  Teem,  at  firft 
fight,  To  fimple  as  thofe  wliich  you 
have  juft  now  defcribed. 

Tutor.  A (Fig.  39-)  is  a circular 
piece  of  brafs,  it  may-  be  made  of 
wood,  ivory,  &c.  in  the  middle  of 
which  is  a verv  Ihiall  hole,  in  this  is 
fixed  a fmall  lens,  the  focal  diftance 

‘f  ” 

of  which  is  a d,  at  that  diftance  is  a 
pair  of  pliers  d e,  which  may  be 
adjufted  by  the  hiding  fcrew,  and 
opened  by  means  of  two  little  ftuds 
u,  e ; with  thefe  any  fmall  object 
may  be  taken  up,  and  viewed  with 
tlie  eye  placed  in  the  other  focus  of  < 
the  len&  at  f,  to  which  it  vvill  appear 
magnhied  as  at  i m. 
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Charles.  I fee  by  tlie  joint  it  is 
made  to  fold  up. 

Tutor.  It  is  j and  may  be  put 
into  a cafe,  and  carried  about  in  the 
pocket,  'without  any  incumbrance  or 
inconvenience.  Let  us  now  look  at 
a double  or  compound  microfeope. 

James.  How  many  glafles  are 
there  in  this  ? 

Tutor.  There,  are  two  ; and  the 
conftru6lion  of  it  may  be  feen  by  this 
figure;  c d (Fig*.  40.)  is  called  the 
objc6l-glafs,  and  e / the  eye-glafs. 
The  fmall  object  a b \s  placed  a little 
farther  from  the  glafs  c d than  its 
principal  focus,  fo  that  the  pencils  of 
rays  flowing  from  the  different  points 
of  the  obje6l,  and  paffing  through 
the  glafs,  ma}^  be  made  to  converge 
and  unite  in  as  many  points  between 
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g and  hy  where  the  image  of  the 
objedl  will  be  formed.  This  image 
is  viewed  by  the  eye-glafs  ef,  which 
is  fo  placed  that  the  image  g h may 
be  in  the  focus,  and  the  eye  at  about 
an  equal  diftance  on  the  other  fide, 
the  rays  of  each  pencil  will  be  pa- 
rallel after  going  out  of  the  eye-glafs, 
as  at  e and  j\  till  they  come  to  the 
eye  at  A*,  by  the  liumours  of  which 
they  will  be  converged  and  colleded 
into  points  on  the  retina,  and  form 
the  large  inverted  image  a b. 

Charles.  Pray  fir,  how  do  you 
calculate  the  magnifying  power  of 
this  microfeope? 

Tutor.  There  are  two  proportions 
which,  when  found,  are  to  be  mul- 
tiplied into  one  another  : (1)  As  the 
diftance  of  the  image  from  the  objc6l- 
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glafs  is  greater  than  its  diftancc  from 
, theeye-glafs;  and,  (2)  as  the  diftance 
from  the  objedl  is  le/s  than  the  limit 
of  diftindl  vifion. 

Example.  If  the  distance  of  the 
image  from  the  objedl-glafs  be  4 
times  gi'eater  than  from  the  eye- 
glafs,  the  magnifying  power  of  4 is 
gained  ; and  if  the  focal  diftance  of 
the  eye-glafs  be  one  inch,  and  the 
diftance  of  diftindb  vifion  be  confi- 
dered  at  7 inches,  the  magnifying 
power  of  7 gained,  and  7X4  gives 
28  ; that  is,  the  diameter  of  the  ob- 
je6l  will  be  magnified  28  times,  and 
the  furfacc  vdll  be  magnified  784 
times. 

James.  Do  you  mean  that  an 
objefl  will, ' through  fiich  a micro- 
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fcope,  appear  78-i  times  larger  than 
by  the  naked- eye? 

Tutor.  Yes,  Ido;  provided  the 
limit  of  diftinft  vifion  be  7, inches  ; 
but  fome  perfons,  who  are  lliort- 
lighted,  can  fee  as  diftincUy  at  6 or 
4 inches  as  another  cijin  at  7 or  8 ; 
to  the  former  the  object  will  not  ap- 
pear fo  large  as  to  the  latter. 

Ex.  2.  What  I will  a microfeope 
of  this  kind  magnify  to  three  dif- 
ferent perfons,  whole  eyes  are  fo 
formed  as  to  fee  diftinctlv  at  the 
diftance  of  6,  7,  and  8 inches  by  the 
naked  eye;  fuppofjng  the  image  of 
the  ohjeft-glafs  to  be  live  times  as 
diftant  as  from  the  cye-glafs,  and  the 
focal  diftance  of  the  eye-glafs  be  only 
the  tenth  part  of  an  inch? 

T 3 
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Charles.  As  five  is  gained  by  the 
diftances  between  the  glaffes,  and  60, 

70,  and  80,  by  the  eye-glafs,  the  | 
magnifying  powers  will  be  as  300,  i 
330,  and  400. 

James.  How  is  it  fiO,  70,  and  80 
are  gained  by  the  eye-glafs  ? 

Charles.  Becaufe  the  diftances  of 
diftin6l  vifion  are  put  at  6,  7,  and  8 
inches,  and  thefe  are  to  be  divided 
by  the  focal  diftance  of  the  eye-glafs, 
or  by  -5^;  but  to  divide  a whole  } 
number  by  a tra6lion,  we  muft  mul- 
tiply that  number  by  the  denomi-  - 
nator,  or  lower  figure 'in  the  fraftion  : ! 

therefore  the  power  gained  by  the 
diftance  between  the  two  glaffes,  or 
5 muft  be  multiplied  by  60,  70,  or 
80.  And  the  furface  of  the  objc6l 
will  be  magnified  in  proportion  to 
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the  fquare  of  300,  350,  or  400,  that 
as  <50,000,  122,500,  or  160,000. 

Tutor.  We  come  now  to  the  folar 
microfcope,  which  is  by  far  the  moft 
entertaining  of  them  all,  becaufe  the 
image  is  much  larger,  and  being 
thrown  on  a Iheet,  or  other  white 
furfacc,  may  be  viewed  by  many 
fpe<J^ators  at  tlie  fame  time,  without 
any  fatigue  to  tlie  eye.  Here  is  one 
lixcd  in  the  M'indow  diutter,  but  I 
can  explain  its  conftru6lion  beft  by 
a fio-ure. 

o 

James.  There  is  a looking-glals 
on  the  outfide  of  the  window. 

Tutor.  Yes,  it  confifts  (Plate  vi. 
Fig.  42.)  of  a looking- glafs  s o M'ith- 
out,  the  lens  ab\n  the  diutter  d u,  and 
tlie  lens  n m within  the  dark  room. 
Thefe  three  parts  are  united  to,  and 
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in  a brafs  tube.  The  looking-glafs 
can  be  turned  b}'the  adjufting-fcrew, 
fo  as  to  receive  the  incident  rays  of 
the  fun  5 5 5,  and  reflefl^them  tlirougli 
the  tube  into  the  room.  The  lens 
a b colle<5ls  thofe  rays  into  a focus  at 
n m,  where  there  is  another  magnifier ; 
here,  of  couife,  the  rays  crofs,  and 
diverge  to  the  white  fereen  on  which 
the  image  of  theobjeft  will  be  painted. 

Charles.  I fee  the  ol  jedl  is  placed 
a little  behind  the  focus. 

Tutor.  If  it  were  in  the  focus  it 
would  be  burnt  to  pieces  immediately. 
The  magnifying  power  of  this  inftru- 
inent  depends  on  the  diftance  of  the 
flicet  or  white  fereen  ; perhaps  about 
10  feet  is  as  good  a diftance  as  any. 
You  perceive  that  the  fize  of  the  image 
^ is  to  that  of  the  object  as  the  diftance 
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of  the  former  from  tlie  lens  ii  m,  is  to 
tliat  of  the  latter. 

James.  Tlien  the  nearer  the  ob- 
jcft  to  the  lens,  and  the  farther  the 
fcreen  from  it,  the  greater  the  power 
of  this  microfcope. 

Tutor.  You  are  right,  and  if  the 
object  be  only  half  an  inch  from  the 
lens,  ,and  the  fcreen  nine  feet,  the 
image  will  be  46,656  larger  than  the 
objed  : do  you  underhand  this  ? 

Charles.  Yes,  the  objed  being 
only  half  an  inch  from  the  lens,  and 
the  image  9 feet  or  108  inches,  or 
216  half  inches,  the  diameter  of  the 
image  will  be  216  times  larger  than 
the  diameter  of  the  objed,  and  this 
number  multiplied  into  itfelfwill  give 
46,656. 
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Tutor.  This  inftrumcnt  is  calcu- 
lated only  to  exhibit  tranfparent  ob- 
jects, or  fuch  as  the  light  can  pafs 
through  in  part.-  For  opaque  ob- 
jects, a different  microfcope  is  ufed: 
and,  indeed,  there  are  an  indefinite 
number  of  microfeopes,  and  of  them 
all,  we  may  fay,  though  in  different 
degrees : 

The  artificial  convex  will  reveal 
,The  forms  diminutive  that  each  conceal; 

Some  fo  minute,  that,  to  the  one  extreme. 

The  mite  a vaft  Leviathan  would  feem; 

That  yet  of  organs,  functions,  fenfe  partake 
. Equal  with  animals  of  larger  make. 

In  curious  limbs  and  clothing  they  furpafs 
By  far.  the  cornel  left  of  the  bulky  mafs, 

A world  of  beauties  ! that  thro’  all  this  frame 
Creation’s  grandeft  miracles  proclaim. 

Browne, 
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Of  the  Camem  Ohfcura,  Magic  Lan- 
thor?i,  and  Multiplying  Glafs. 

TUTOR.  We  fhall  now  treat 
upon  fome  mifcellaneous  fubjeds ; of 
which  the  firft  fliall  be  the  Camera 
Ohfeura. 

Charles.  What  is  a camera  'ob- 
feura  ? 

Tutor.  The  meaning  of  the  term 
is  a darkened  chamber : the  conftruc- 
tlon  of  it  is  very  fimple,  and  will  be 
underftood  in  a moment  by  you,  who 
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know  the  properties  of'the  convex 
lens. 

A convex  lens  placed  in  a hole  of 
a wiiidow-fliutter,  will  exhibit,  on  a 
white  flieet  of  paper  placed  in  the 
focus  of  the  glafs,  all  the  objects  on 
the  outfide,  as  fields,  trees,  men, 
houfes,  &c.  in  an  inverted  order. 

James.  Is  tlie  room  to  be  quite 
dark,  except  the  light  which  is  ad- 
mitted through  the  lens?  , , i 

Tut, or..  It  ought  to  be  fo;  and, 
to  have  a very  interefting  pidure, 
tlie  fun  Ihould  fiiine  upon  the  ob- 
jects. 

James.  Is  there  no  other  kind  of 
camerarobfcura  r 

Tutor.  A portable'  one  may  be 
made  with  a fquare  box,  in  one  fide 
of  which  is  to  be  fixed  a tube,  iiaving 
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SL  convex  lens  in  it : within  the  box 
is  a plane  mirror  reclining  backwards 
from  the  tube,  in  an  angle  of  forty- 
five  degrees. 

Charles.  On  what  does  this  mir- 
ror refle6l  the  image  of'  the  ob- 

jca? 

Tutor.  The  top  of  the  box  is 
a fquare  of  unpolifhed  glafs,  on 
which  the  pi^ure  is  formed.  And 
if, a piece  of  oiled  paper  be  ftretched 
on  the  glafs,  a landfcape  may  be 
eafily  copied ; or  the  outline  may 
be  fketched  on  the  rough  furface  of 
the  glafs. 

James.  Why  is  the  mirror  to  be 
placed  at  an  angle  of  45  degrees 
exaaiy  ? 

Tutor.  The  Image  of  the  objeas 
would  naturally  be  formed  at  the 
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back  of  the  box  oppofite  to  tlic 
lens;  in  order,  therefore,  to  throw 
it  on  the  top,  the  mirror  muft  be 
fo  placed  tliat  tlie  angle  of  inci- 
dence fliall  be  equal  to  the  angle  of 
retle<^ion.  In  the  box,  according 
to  its  original  make,  the  top  is  at 
right  angles  to  the  end,  that  is  at 
an  angle  of  90  degrees,  therefore 
the  mirror  is  put  at  half  90,  or  45 
degrees. 

Charles.  Now  the  incident  rays 
falling  upon  a furface  which  declines 
to  an  angle  of  45  degrees,  will  be 
reflected  at  an  equal  angle  of  45  de- 
grees, which  is  the  angle  that  the 
glafs  top  of  the  box  bears  with  re- 
fpeeb  to  the  mirror. 

James.  If  I underhand  you  clear- 
ly, Itad  . the  mirror  been  placed  at 
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the  end  of  the  box,  or  parallel  to 
it,  the  rays  would  liave  been  re- 
fleded  back  to  the  lens;  and  none 
would  have  proceeded  to  the  top  bf 
the  box.  ' 

Tutor.  True  : in  the  fame  man- 
ner as  when  one  perfon  ftands  before 
a looking-glafs,  another  at  tile  fide 
of  the  room  cannot  fee  his  image  in 
the  glafs,  becaufe  the  rays  flowing 
from  him  to  the  looking-glafs  are 
thrown  back  to  himfelf  again ; but 
let  each  perfon  ftand  on  the  oppofite 
fide  of  the  room,  while  the  glafs  is  in 
the  middle  of  the  end  of  it;  they 
will  both  ftand  at  an  angle  of  45  de- 
grees, with  regard  to  the  glafs,  and 
the  ravs  from  each  will  be  refle6ted 
to  the  other. 

u 2 
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Charles.  Is  the  tube  fixed  in  this 
machine? 

Tutor.  No ; it  is  made  to  draw 
out,  or  pufii  in,  fo  as  to  adjuft  the 
diftance  of  the  convex  glafs  from 
the  mirror,  in  proportion  to  the  dif- 
tance of  the  outward  obje6ls,  titl 
they  are  diftindly  painted  on  the 
horizontal  glafs. 

James.  Will  you  now  explain 
the  ftru61:ure  of  the  magic-lanthorn, 
which  has  long  afforded  us  occafional 
amufement? 

Tutor.  This  little  machine  con-f 
fjfts,  as  you  know,  of  a fort  of 
tin  box;  within  which  is  a lamp 
or  candle,  the  light  of  this  pafles 
through  a great  plano-convex  lens 
placed  in  a tube  fixed  in  the  frontr 
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This  ftrongly  illuminates  the  ol^eds 
which  are  painted  on  flips  of  glafs, 
and  placed  before  the  lens  in  an  in- 
verted pofition.  A fheet,  or  other 
white  fiirface,  is  placed  to  receive 
the  images. 

Charles.  Do  you  invert  the  glaffes 
on  which  the  figures  are  drawn,  in 
order  that  the  images  of  them  may 
be  ere  61  ? 

Tutor.  Yes : and  the  illumina- 
tion mav  be  greatlv  incrcafed,  and 
the  effc6l  much  more  powerful,  by* 
placing  a concave  mirror  at  the  back 
of  the  lamp.  ^ . 

‘ Charles.  Did  you  not  tell  us  that 
the  Phafitafmagoria,  wliich  we  faw  at 
the  Lyceum,  was  a fpecies  of  the  ma- 
gic Ian  thorn? 
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Tutor.  There  is  this  difference 
between  them : in  common  magic 
Ian  thorns,  the  figures  are  painted  oii 
tranfparent  glafs,  confequently  the 
iniage  on  thefereen  is  a circle  of  light, 
having  a figure  or  figures  on  it : but 
in  the  Phantafmagoria,  all  the  glafs 
is  made  opaque,  except  the  figure 
only,  which  being  painted  in  tranf- 
parent colours,  the  light  fhines 
through  it,  and  no  light  can  come 
upon  the  fereen  but  what  pafles 
through  the  figure.. 

Jama.  But  there  was  nQ  flieet  to 
receive  the  pi6lure. 

Tutor.  No ; the  reprefentatioii 
>vas  thrown  on  a thin  fereen  of  filk 
place.d  between  the  fpeefators  and  th§ 
Janthorp, 
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Charles'.  What  caufecl  the  images  > 
to  appear  approaching  and  reced-* 
.mg?  . i..  [I 

Tutor.  It  is  owing  to  removing  li 
the  lanthorn  farther  from  the  fcreen,'  ^ 
or  bringing  it  nearer  to  it;  for]  the  | 
fize  of  the  image  muft  increafe,  as  p 
the  lanthorn  js  carried  back,  becaufe  j * 
the  rays  come  in  the  fliape  of  a i{ 
cone ; and  as  no  part  of  the  fcreen  > I 
is  vifible,  the  figure  appears  to  be  ji 
formed  in  the  air,  and  to  move  far- 
ther off  when  it  becomes  fmaller, 
and  to  come  nearer  as  it  increafes  in 
fize. 

i James.  Here*  ?s  another  inftru- 
ment,  the  conllru^lion  of  which  yon  | 
promifed  to  explain  : \X\t  mulUplying 
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: Ji/^or.  I'Orie  fifle  of  this  glafs  is 
cut  intd  many  diTtin^l  liirfaces,  and 
in  looking  at  an  objeft,  as  your  bro- 
ther,- through  it,  yoii  will  fee  not 
one  objedl  omly,.  but  as  many  as  the 
glafs  contains  plane  furfaces. 

I will  draw  a figure  to  illuftratc 
this  : Let  (Plate  vt.  Fig,  42.)  Ain 
reprefent  a glafs;  flat  at  the  fide 
next  the  eye  h,  and  cut  into  three 
diftinft  furfaces  on  the  oppofite  fide, 
as  A b\  b.d,  d b.  The  objedf  c will 
not  appear  magnified,  but  as  rays 
will  flow  from  it  to  all  parts  of  the 
glafs,  and  each  plane  furface  will 
refract  thefe  rays  to  the  eye,  the 
fame  objedb  will  appear  to  the  eye  in 
the  diredfion  of  the  rays,  which  en- 
ter it  through  each  furface,  Tlius^ 
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a ray  c i falling  perpendicularly  on 
the  middle  furface,  will  fuffer  no 
refra6lion,  but  fliew  the  obje6l  in  its 
true  place  at  c : the  ray  from  c 5 
falling  obliquely  on  the  plane  fur- 
face  A Z>,  will  be  reflated  in  the 
dire6lion  b e,  and  on  leaving  the 
glafs  at  e,  it  will  pafs  to  the  eye  in 
the  direction  e h,  and  therefore  it 
appears  at  e : and  the  ray  c 4 will, 
for  the  fame  reafon,  be  refradled  to 
the  eye  in  the  direction  b h,  and 
the  objeft  c will  appear  alfo  jn  d. 

If,  inftead  of  three  fides,  the  glafs 
had  been  cut  into  6 or  20,  there 
would  have  appeared  6 or  20  dif» 
fercnt  obje(5ts  differently  .fituated* 
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Of  the  Magnet  ; its  Properties 
, tireful  to  Mariners,  and  others; 

\ ^ '•  a . i.  ) . ..i  - 

Iron  rendered  magnetic;  Proper- 
. ties  W the  Maghet.  , 

[ ^ oil  t ./  i ; - 

•*' . ,0,*  ■'  > *(♦  . I . I 

Tutor.  You  fee  this  dark-bfown 
mineral  body,  . it  is  almoft  black,  and 
you  know  it  has  the  property  of  at- 
tracting needles  and  other  fmall  iron 
fubftances. 
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James.  Yes,  it  is  called^  a loaci- 
ftone,  leacling-ftone,  or  magnet;  we 
have  often. been  anuifed  witii  it;  but 
you  told  us  that  it  poflefled  a much 
more  important  property  than  that 
of  attracting  iron  and  fleel. 

Tutor.  This  is  what  is  called  the 
directive  property,  by  which  mariners 
are  enabled  to  conduCt  their  veflels 
through  the  mighty  ocean  out  of 
the  fight  of  land  : by  the  aid  of  this, 
miners . are  guided  in  their  fubter- 
ranean.  enquiries,  and  the  traveller 
through  deferts  otherwife  impaffable. 

Charles.  Were  not  mariners  un- 
able to  make  long  and  very  diftant 
voyages  till  this  property  of  the  mag- 
net was  difeovered  ? 

. -Tutor. ' Till  then,  they  contente4 
theuifelvcs  with  mere  coafting.voy-* 
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ages : feldom  trufting  themfelves  from 
the  fight  of  land. 

James.  How  long  is  it  fmce  this 
property  of  the  magnet  was  firft 
known  ? 

Tutor.  About  five  hundred  years; 
and  it  is*  not  polfible  to  afcertain, 
with  any  degree  of  precifion,  to  whom 
we  are  indebted  for  this  great  dif- 
covery. 

Charles.  You  have  not  told  us 
in  what  the  difcovery  confifts. 

Tutor.  When  a magnet,  or  a 
needle  rubbed  with  a magnet,  is 
freely  fufpended,  it  will  always,  and 
in  all  places,  (land  nearly  north  and 
fouth, 

Charles.  Is  it  known  which  end 
points  to  the  north,  and  which  to  tlie 
fouth  ; 
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Tutor.  Yes:  or  it  would  be  of 
little  ufe : each  magnet,  and  each 
needle,  or  other  piece  of  iron,  that 
is  made  an  artificial  magnet  by  being 
properly  rubbed  with  the  natural 
magnet  has  a north  end  and  a fouth 
end,  called  the  north  and  poles : 
to  the  former  a mark  is  placed,  for 
the  purpofe  of  diftinguifliing  it. 

James.  Then  if  a fhip  were  to 
make  a voyage  to  the  north,  it  mull 
follow  the  diredion  which  the  magnet 
takes. 

Tutor.  True;  and  if  it  were  bound 
a w’efterly  courfe,  the  needle  always 
pointing  north,  the  diip  muft  keep 
In  a dlredion  at  right  angles  to  the 
needle.  In  other  words,  the  direc- 
tion of  the  needle  muft  be  acrofs  the 
Jhip-  , ‘ . ■ . . / . ^ . 
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Charles.  Could  not  the  fame  ob* 
je6l  be  obtained  by  means  of  the  pole 
Itar? 

Tutor.  It  might,  in  a conlider- 
able  degree,  provided  you  could  al- 
ways infure  a fine  clear  fky,  but 
Avhat  is  to  be  done  in  cloudy  wea- 
ther, which,  in  Tome  latitudes,  will 
laft  for  many  days  together.  ' 

Cha?'les.  I did  not  think  of  that 
lutor.  Without  the  ufe  of  the 
magnet,  no  perfons  could  have  ven- 
tured upon  fuch  voyages  as  thofe  to 
the  Weft  Indies,  and  other  diftaht 
parts ; the  knowledge,  therefore,  of 
this  inftrument  cannot  be  too  highly 

O tt 

prized.  ’ 

- James.  Is  that  a maghet  'which 
is  fixed  to  the  bottom  of  the  *gl6be, 
and  by  means  of  which  we  fet 

Z.  . .70  7 


'Properties. OF  the  magnet.  231 

globe  in  a proper  dire6lion  with  re- 
gard to  the  cardinal  points,  north, 
fouth,  eaft,  and  weft. 

Tutor.  That  is  called  a compafs, 
the  needle  of  which  being  rubbed  by 
the  natural  or  real  magnet,  becomes 
poftefted  of  the  fame  properties  as 
thofe  which  belong  to  the.  magnet 
itfelf. 

Charles.  Can  any  iron  and  ft  eel 
be  made  magnetic  .^ 

Tutor.  They  may ; but  iron  is 
the  moft  proper  for  the  purpofe.  • Bars 
of  iron  thus  prepared  are.  called  arti- 
ficial magnets. 

James.  Will  thefe  foon  lofe  the 
prc^erties  thus  obtained  ? 

Tutor.  Artificial  magnets  will  re- 
tain their  properties  almoftany  length 
of  time,  and  fince  they  may  be  ren- 
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dered  more  powerful  than  natural 
©nes,  and  can  be  made  of  any  form, 
they  are  generally  ufed,  fo  that  the 
natural  magnet  is  kept  as  a curio- 
fity. 

Charles.  What  are  the  leading 
properties  of  the  magnet  ? 

Tutor.  (1.)  A magnet  attradlJ 
iron.  (2.)  When  placed  fo  as  to  be 
at  liberty  to  move  in  any  diredion^ 
its  north  end  points  to  the  north 
pole,  and  its  fouth  end  to  the  fouth 
pole:  this  is  called  the  polarity  of 
the  magnet.  (3.)  When  the  north 
pole  of  one  magnet  is  prefented  to 
the  fouth  pole  of  another,  they  will 
attrad  one  another.  But  if  the  two 
fouth,  or  the  two  north  poles-  are  pre- 
fented to  each  other,  they  will  repel. 
(4.)  When  a magnet  is  fo  fituated 
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as  to  be  at  liberty  to  move  any  way, 
the  two  poles  of  it  do  not  lie  in  an 
horizontsil  diredtion,,  it  inclines  one 
of  its  poles  towards  the  horizon,  and, 
of  courfe,  elevates  the  other  pole 
above  it ; this  is  called  the  incllna- 
Uon  or  dipping  of  the  magnet.  (5.) 
Any  magnet  may  be  made  to  impart 
its  properties  to  iron  and  ftcel.  . ^ ^ 
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CONVERSATION  II. 

.> 


Magnetic  AttraBion  and  Repulfion, 

TUTOR.  Having  mentioned  the 
feveral  properties  of  the  magnet  or 
loaclftone,  I intend,  at  this  time,  to 
enter  more  particularly  into  the  na- 
ture of  magnetic  attra6lion  and  re- 
pulfion.— Here  is  a thin  iron  bar 
eight  or  nine  inches  long,  rendered 
magnetic”  and  on  that  account  it  is 
now  called  an  artificial  magnet : I 
bring  a fmall  piece  of  iron  within  a 
little  diftance  of  one  of  the  poles  of 
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the  magnet,  and  you  iee  it  is  at- 
traded  or  dra>vn  to  it. 

Charles.  Will  not  the  fame  effed 
be  produced,  if  the  iron  be  prefented 
to  any  other  part  of  the  magnet  ? 

Tutor.  The  attradion  is  ftionsreft 
®t  the  poles,  and  it  grows  lefs  and  lefs 
in  proportion  to  the  diftance  of  any 
part  from  the  poles,  fo  that  in  the 
middle,  between  the  poles,  there  is 
no  attradion,  as  you  fliall  fee  by 
means  of  this  large  needle. 

James.  Wlien  you  held  the  needle 
near  the  pole  of  the  magnet,  the 
magnet  moved  to  that,  which  looks 
as  if  the  needle  attraded  the  mag- 
net. 

Tutor.  You  are  right : the  attrac- 
tion is  mutual,  as  is  evident  from 
llie  following  experiment.  I place 
this  fmall  magnet  on  a piece  of  cork. 
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and  the  needle  on  another  piece, 
and  let  them  float  on  water,  at  a little 
diflance  from  each  other,  and  you 
obferve  that  the  magnet  moves  to- 
wards the  iron,  as  much  as  the  iroi| 
moves  towards  the  magnet.  . 

Charles.  If  two  magnets  were 
put  in  this  fituation,  what  would  be 
the  effedl  produced  ? 

Tutor.  If  poles  of  the  fame  name, 
that  is,  the  two  north,  or  the  two 
fouth,  be  brought  near  together,  they 
will  repel  one  another;  but  if  a north 
and  fouth  be  prefented,  the  fame 
kind  of  attia(!5|:ion  will  be  vifible,  as 
there  was  between  the  magnet  and 
needle. 

James.  Will  there  be  any  attrac- 
tion or  repulfion  if  other  bodies,  as 
paper,  or  thin  flips  of  wood,,  be  placed 
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between  the  magnets,  or  between 
the  magnet  and  iron  ? 

Tutor.  Neither  the  magnetic  at- 
tradlion  nor  repulfion  is  in  the  leaft 
diminithed,  or  in  any  way  affected 
by  the  interpofition  of  any  kind  of 
bodies,  except  iron.  Bring  the  mag- 
nets together  • within  the  attra6ling 
I or  repelling  diftance,  and  hold  a flip 
of  wood  between  them ; you  fee  they 
both  come  to  the  wood. 

Charles.  You  faid  that  iron  was 
more  eaflly  rendered  magnetic  th^n 
! fteel,  does  it  retain  the  properties  as 
long  too  } ' ' 

Tutor.  If  a piece  of  foft  iron, 
and  a piece  of  hard  fteel,  be  broiiglit 
within  the  influence  of  a magnet, 

' the  iron  w’ill  be  moft  forcibly  at- 
traded^  but  it  will  almofl:  inftantly 
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lofe  its  acquired  magnetifm,  wliweas 
the  hard  Heel  will  preferve  it  a long 
time. 

James.  Is  magnetic  attraction 
and  repulfion  at  all  like  what  wc 
have  fomctimes  fccii  in  eleCtricity  ? 

Tutor.  In  fome  inftances  there  is 
a great  fimilarity : Ex.  I tie  two 
pieces  of foft  wire,  (Vol.  VI.  Platen. 
Fig.  28.*)  each  to  a feparate  thread 
which  join  at  top,  and  let  them  hang 
freely  from  a hook  .r.  If  I bring  the 
marked  or  north  end  of  a magnetic 
bar  juft  under  them,  you  will  fee  the 
wires  repel  one  another,  as  they  are 
Ihewii  in  the  figure  hanging  from  z, 

Charles.  Is  that  occafioned  by 
the  repelling  power  which  both  wires 
have  acquired  in  confequence  of  be- 

* The  reader  muft  turn  to  Vol.  VI.  Plate  ii* 
for  the  figures  referred  to  in  Magnetifm. 
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ing  both  rendered  magnetic  with  the 
fame  pole  ? 

Tutor,  It  is : and  the  fame  thing 
would  have  occurred  if  the  fouth  pole 
had  been  prefented  inftead  of  the 
north. 

James.  Will  they  remain  long  in 
that  pofition? 

Tutor.  If  the  wires  are  of  very 
foft  iron  they  will  quickly  lofe  their 
magnetic  power,*  but  if  fteel  wires 
be  ufed,  as  common  fewing  needles, 
they  will  continue  to  repel  each 
other,  after  the  removal  of  the  mag- 
net. 

Ex,  II.  I lay  a Iheet  of  paper  flat 
upon  a table,  and  flrew  forne  iron 
tilings  upon  it.  I now  lay  this  fmall 
magnet  (Plate  ii.  Eig.‘ 29.).  among 
them,'  and  give'the  table  a few  gentle 
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knocks,  fo  as  to  fliake  the  filrags^ 
and  you  oblerve  in  what  manner 
tliey  have  arranged  taemfelves  about 
the  magnet. 

Charles.  At  the  two  ends  or 
poles,  the  particles  of  iron  form  them- 
felves  into  lines,  a little  fidewnys; 
they  bend,  and  then  form  complete 
arches,  reaching  from  fome  point  m 
the  northern  half  of  the  magnet  to 
fome  other  point  in  the  foutliem 

I 

half. — Pray  how  do  you  account  for 
this  ? 

Tutor,  Each  of  the  paiticles  of 
iron,  by  being  brought  within  the 
fphere  of  the  magnetic  influence,  be- 
comes itfelf  magnetic,  and  poflefled 
of  two  poles,  and.  confequently  dif- 
pofes  itfelf  in  the  ^ fame  manner  as 
any  other  magnet  would  do,  and 
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alio  attra6ls  with  its  extremities  the 
contrary  poles  of  other  particles. 

Elx.  III.  If  I lhake  fome  iron 
filings  through  a gauze  fieve,  upon  a 
paper  that  covers  a bar  magnet,  the 
filings  will  become  magnets,  and  will 
be  arranged  in  beautiful  curves. 

James,  Does  the  polarity  of  the 
magnet  refide  only  in  the  two  ends 
of  its  furface  } 

Tutor.  No:  one  half  of  the  mag- 
net is  poflefled  of  one  kind  of  po- 
larity, and  the  other  of  the  other 
kind,  but  the  ends,  or  poles,  arc 
thofe  points  in  which  that  power  is 
the  ftrongeft. 

Def.  a line  drawn  from  one 
pole  to  the  other  is  called  the  axis  of 
the  magnet.  . 

VOt.  V. 
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The  Method  of  making  Magnets : of 
the  Marme  fs  Compafs, 

TUTOR.  I have  alieacJy  told 
you  that  artificial  magnets,  whicH 
are  made 'of  fteel,  are  now  generally 
ufed  in  preference  to  the  real  mag- 
net;'becaufe  they 'can'  be  procured 
with  greater  eafe,  may  be  varied ''  in 
their  form  more  eafily,‘and  will  com- 
■ ntunicate  the  magnetic  virtue  more 
powerfully.  ‘ ‘ ‘ ' 

Charles,  How'^are  they  Viiade  ? 
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J'litor.  The  beft  method  of  making 
artificial  magnets  is,  to  apply  one  or 
more  powerful  magnets  to  pieces  of 
hard  ftecl,  taking  care  to  apply  the 
north  pole  of  the  magnet  or  piagnets 
to  that  extremity  of  the  fteel  .which 
is  required  to  be  made  the  fouth-pole, 
and  to  apply  the  ifquth-pole  of  the 
magnet  to  the  oppofite  extremity  of 
the  piece  of  fteel. 

James.  Idas  a magnet,  by  com- 
municating its  properties  to  other 
■bodies,  its  own  power  diminiihed  ? 

Tutor.  No,  it  is  even  increafcd 
by  it. — A bar  of  iron  three  or  four 
feet  long,  kept  fom6  time  in  a ver- 
tical pofttion,  will  become  magnetic, 
the  lower  extremity  of  it  attract- 
ing the  fouth  pole,  and  repelling 
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the  north  pole.  But  if  the  bar  be 
inverted,  the  polarity  will  be  re- 
verfed. 

Charles,  Will  fteel  produce  the 
fame  eflfedls  ? 

Tutor.  It  will  not;  the  iron  mull 
be  foft,  and  hence  bars  of  iron  that 
have  been  long  in  a perpendicular 
pofition,  are  generally  found  to  be 
magnetical,  as  fire  irons,  bars  of 
windows,  &c. — If  a long  piece  of 
•hard  iron  be  made  red  hot,  and  then 
left  to  cool  in  the  direftion  of  the 
magnetical  line,  it  ufually  becomes 
magnetical. 

Striking  an  iron  bar  with  a ham- 
mer, or  rubbing  it  with  a file,  while 
held  in  this  dire6lion,  renders  it  mag- 
petical.  An  elc(5lric  fiiock,  and  light- 
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niiig,  frequently  render  iron  mag- 
netic. jij 

James.  An  artificial  magnet  you 
fay  is  often  more  powerful  than  the 
real  one;  can  a magnet,  therefore, 
communicate  to  flee!  a ftronger  power 
than  it  pqffefles  ? 

Tutor.  Certainly  not ; but  two 
or  more  magnets,  joined  together, 
may  communicate  a greater  power 
to  a piece  ©f  fteel  than  either  of  them 
poffeires  fingly. 

Charles.  Then  you  gain  power  • 
according  to  the  number  of  magnets 
made  ufe  of? 

Tutor.  Yes;  very  powerful  mag- 
nets may  be  formed  by  firfl  con- 
ftrudting  feveral  weak  magnets,  and 
then  joining  them  together  to  form 
Y 3 
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a compound  one,  and  to  a6l  more 
powerfully  upon  a piece  of  fteel. 

The  following  methods  are  among 
the  beft  for  forming  artificial  mag- 
nets : 

•’  1 . Place  two  magnetic  bars  a and  b 

(Plate  II.  Vol.  VI.  Fig.  25.)  in  a line, 
fo  that  the  north  or  marked  end  of 
one,  fiiall  be  oppofite  to  the  fouth 

end  of  the  other,  but  at  fuch  a dif- 

« 

tance,  that  the  magnet  c,  to  be 
touched,  may  reft  with  its  marked 
end  on  the  unmarked  end  of  b,  and 
its  unmarked  end  on  the  marked  end 
of  A.  Now  apply  the  north  end  of 
the  magnet  l,  and  the  fouth  end  of 
D,  to  the  middle  of  c,  the  oppofite 
ends  being  elevated  as  in  the  figure. 
Draw  L and  d afunder  along  the  bar 
c,  one  towards  a,  the  other  towards 
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B,  preferving  the  fame  elevation : 
remove  l,  d,  a foot  or  more  from 
the  bar  when  they  are  off  the  ends, 
then  bring  the  north  and  fouth  poles 
of  thefe  magnets  together,  and  apply 
them  ao'ain  to  the  middle  of  the  bar 

o 

c as  before : the  fame  procefs  is  to 
be  repeated  five  or  fix  times,  then 
turn  the  bar,  and  touch  the  other 
three  fides  in  the  fame  way,  and  with 
care  the  bar  will  acquire  a flrong  fixed 
magnetifm. 

2.  Upon  a fimilar  principle,  two 
bars  A B,  c D (Plate  ii.  Vol.  vr.  Fig. 
9.6. ) may  be  rendered  magnetic.  Tliefe 
are  fupported  by  two  bars  of  iron, 
and  they  are  fo  placed  that  the 
marked  end  b may  be  oppofite  to  the 
unmarked  end  d ; then  place  the 
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two  attra6ting  poles  g,  i,  on  the 
iniclclle  of  a b,  as  in  the  figure, 
moving  them  (lowly  over  it,  ten  or 
fifteen  times.  The  fame  operation 
is  to  be  performed  on  c d,  having 
firfl  changed  the  poles  of  the  bars, 
and  then  on  the  other  faces  of  the 
bars ; and  the  bufinefs  is  accom- 
pli (lied. 

The  touch  thus  communicated 
may  be  farther  increafed  by  rubbing 
the  different  faces  of  the  bars  with 
fets  of  magnetic  bars,  difpofed  as  in 
Plate  II.  Vol.  VI.  Fig.  27. 

James.  I fuppofe  all  the  bars 
fliould  be  very  fmootli. 

Tutor.  Yes,  they  fliould  be  well 
polifhed,  the  Tides  and  ends  made 
quite  flat,  and  the  angles  quite 
fquare.  ‘ ’ 

, 3 
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There  are  many  magnets  made  in 
the  fliape  of  horfe-flioes,  thefe  are 
called  horfe-flioe  magnets,  and  they 
retain  their  power  very  long  by  taking- 
care  to  join  a piece  of  iron  to  the 
ends  as  foon  as  it  is  done  with. 

Charles.  Does  that  prevent  its 
power  from  efcaping  ? 

Tutor.  It  fhould  feem  fo ; the 
power  of  a magnet  is  even  incveafed 
by  fuffering  a piece  of  iron  to  remain 
attached  to  one  or  both  of  its  poles. 
Of  courfe  a fingle  magnet  fliould  al- 
ways be  thus  left. 

' James.  How  is  magnetifin  com- 
municated to  compafs  needles  ? 

Tutor.  Faften  the  needle  down 
on  a board,  and  draw  magnets  about 
fix  inches  long,  in  each  hand,  from 
the  center  of  the  needle  outwards ; 
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then  raife  the  bars  to  a conficlcr- 
able  diilance  from  the  needle,  and 
bring  them  perpendicularly  down 
on  its  centre,  and  draw  them  over 
again,  and  repeat  this  operation  about 
twenty  times,  and  the  ends  of  the 
needle  will  point  to  the  poles  con- 
trary to  thofe  that  touched  them. 

Charles.  I remember  feeinor  a 

. O 

compafs  when  I was  on  board  the 
frigate  that  lay  off  Worthing,  the 
needle  was  in  a box,  with  a glafs 
over  it. 

Tutor.  The  mariner’s  compafs 
confills  of  the  box,  the  card  or  fly, 
and  the  needle.  The  box  is  circular, 
and  is  fo  fLifpended  as  to  retain  its 
horizontal  pofition  in  all  the  motions 
of  the  fliip.  The  glafs  is  intended 
to  prevent  any  motion  of  the  card 
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by  the  wind,  tlie  card  or  fly  moves 
with  the  needle,  which  is  very  nicely 
balanced  on  a center.  It  may,  how- 
ever, be  noticed,  that  a needle  which 
is  accurately  balanced  before  it  is 
magnetized,  will  lofe  its  balance  by 
being  magnetized,  on  account  of 
what  is  called  the  dipping,  therefore 
a fmall  weight,  or  moveable  piece  of 
brafs,  is  placed  on  one  fide  of  the 
needle,  by  the  fliifting  of  which'the 
needle  will  always  be  balanced. 


CONVERSATION  IV. 


Of  the  Variation  of  the  Compafs. 

CHARLES,  You  faid,  I think, 
that  tiie  magnet  pointed  nearly  i\oYi\i 
and  fouth,  how  much  does  it  difter 
from  that  line  ? 

Tutor.  It  rarely  points  exadly 
north  and  fouth,  and  the  deviation 
from  that  line  is  called  the  variation 
of  the  compafs,  which  is  faid  to  be 
eaft  or  weft. 

James.  Does  this  differ  at  different 
times  ? 
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Tutor.  It  does ; and  the  varia- 
tion is  very  different  in  different 
parts  of  the  world.  The  N'ariation  is 
not  the  fame  now  that  it  was  half  a 
century  ago,  nor  is  it  the  fame  now 
at  London  that  it  is  at  Bengal  or 
Kamtfchatka.  The  needle  is  conti- 
nually traverfing  flowly  towards  the 
call  and  weft. 

This  fubjedl  was  firft  attended  to 
by  Mr.  Burrowes,  about  the  year 
1580,  and  he  found  the  variation 
then,  at  London,  about  ir  1 L eaft. 
In  the  year  1657  the  needle  pointed 
due  north  and  fouth : lince  which 
the  variation  has  been  gradually  in- 
creafing  towards  the  weft,  and  in  the 
year  1803  it  was  equal  to  fomething 
more  than  24”  weft,  and  was  then  ad- 
rancing  towards  the  fame  quarter. 
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Charles.  That  is  at  the  rate  of 
fomething  more  than  ten  minutes 
each  year. 

Tutor.  It  is,  but  the  annual  va- 
riation is  not  regular;  it  is  more  one 
year  than  another.  It  is  different  in 
the  feveral  months,  and  even  in  the 
hours  of  the  day. 

James.  Then  if  I want  to  fet  a 
globe  due  north  and  fouth,  to  point 
out  the  ftars  by,  I muft  move  it 
about,  till  the  needle  in  the  compafs 
points  to  24°  weft  ? 

"Tutor.  Juft  fo : and  mariners, 
knowing  this,  are  as  well  able  to  fail 
by  the  compafs  as  if  it  pointed  due 
north. 

Chai'les.  You  mentioned  the  pro- 
perty which  the  needle  had  of  dip- 
ping, after  the  magnetic  fluid  was 
1 
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communicated  to  it:  is  that  always 
the  fame? 

Tutor.  It  probably  is,  at  the  fame 
place;  it  was  clifcovered  by  Robert 
Norman,  a compafs  maker,  in  the 
year  157^,  and  he  then  found  it  to 
dip  nearly  72°,  and  from  many  ob- 
fervations  made  at  the  Royal  So-J 
ciety,  it  is  found  to  be  the  fame.  ‘ 

James.  Does  it  differ  in  different 
places  ? > 

Tutor.  Yes:  in  the  year  1773 
obfervations  were  made  on  the  fub- 
jedl,  ill  a voyage  toward  the  north 
pole,  and  from  thefe  it  appears  that 

In  latitude  6o°  1 8^  the  was  7^®  o' 
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I will  Hiew  you  an  experiment  on 
this  fubjedl.  Here  is  a magnetic  bar, 
and  a finall  dipping  needle:  if  I 
carry  tlie  needle,  fiifpcnded  freely  on 
a pivot,  from  one  end  of  the  mag- 
netic bar  to  the  other,  it  will,  when 
dire611y  over  the  fouth  pole,  fettle 
diredlly  perpendicularly  to  it,  the 
north  end  being  next  to  the  fouth 
pole : as  the  needle  is  moved,  the 
dip  grows  lefs  and  lefs,  and  when  it 
comes  to  the  magnetic  center,  it 
will  be  parallel  to  the  bar;  after- 
wards the  fouth  end  of  the  needle, 
will  dip,  and  when  it  comes  directly 
over  the  north  pole,  it  will  be  again 
perpendicular  to  the  bar. 

The  following  fafts  are  deferving 
Qf  recollection. 
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1 . Iron  is  the  only  body  capable  of 
being  afFe^ed  by  magnetilm. 

2.  Every  magnet  has  two  oppofite 
points  called  poles. 

3.  A magnet  freely  fufpended  ar- 
ranges itfelf  fo  that  thefe  poles  point 
nearly  north  and  fouth.  This  is 
called  the  direBive  property,  or  po- 
larity of  the  magnet 

4.  When  two  magnets  approach 
each  other,  the  poles  of  the  fame 
names,  that  is,  both  north,  or  both 
fouth,  repel  each  other. 

5.  Poles  of  different  names  attra^ 
each  other. 

6.  The  loadftone  is  an  iron  ore  na^- 
turally  pofleffing  magnetifm. 

7.  Magnetifm  may  be  communh 
cated  to  iron  and  ftecl. 
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8.  A fleel  needle  rendered  mag- 
netic, and  fitted  up  in  a box,  fo  aS 
to  move  freely  in  any  diredlion,  con- 
ftitutes  the  mariners’  compafs. 

Charles.  I think  there  is  a fimi- 
larity  between  eledlricity  and  mag- 
netifm. 

Tutor.  You  are  right  j there  is  a j 
conliderable  analogy,  and  a remark-  j 
able  difference  alfo  between  mag-  j 
iietifm  and  eledlricit3^  I 

Electhicity  is  of  two  forts,  po-  ' 
fitive  and  negative  ; bodies  polTeffed 
of  the  fame  Tort  of  elcdlricit}^  repel  ' 
each  other,  and  thofe  polTeffed  of  dif- 
ferent forts  attradl  each  other. — In 
Magnetism,  every  magnet  has  two 
poles ; poles  of  the  fame  name  repel 
each  other,  and  the  contrary  poles 
attradl  each  other. 
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In  Electricity,  when  a body, 
in  its  natural  ftate,  is  brought  near 
to  one  that  is  eledrified,  it  acquires 
a contrary  elearicity,  and  becomes 
attiadled  by  it. — In  Magnetism, 
when  an  iron  fubftance  is  brought 
near  one  pole  of  a magnet,  it  ac- 
quires a contrary  polarity,  and  be- 
comes attradlcd  by  it. 

One  fort  of  elearicity  cannot  be 
produced  by  itfelf— In  like  manner, 

no  body  can  have  only  one  mao’uetic 
pole. 

The  dearie  virtue  may  be  retained 
by  dearies,  but  it  pervades  condua* 
ing  fubh;ances.---The  magnetic  vir- 
tue is  retained  by  iron,  but  it  per- 
vades all  other  bodies. 

On  the  contrary:  the  magnetic 
power  dilfers  fi'om  the  dearie,  as  it 
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does  not  affe6l  the  fenfes  with  light, 
fmell,  tafte,  or  .noife,  as  the  eledlric 
does. 

Magnets  attra6l  only  iron,  but  the 
ek6lric  fluid  attra6ls  bodies  of  every 
fort. 

Tlie  eledric  virtue  refides  on  tlie 
furface  of  eledtrified  bodies,  but  the 
magnetic  is  internal. 

A magnet  lofes  nothing  of  its 
power  by  magnifying  bodies,  but  an 
ele6lrified  body  lofes  part  of  its  elec- 
tricity by  electrifying  other  bodies. 

END  OF  THE  FIFTH  VOLUME. 
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